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INTRODUCTION 
Reed canarygrass, Phalaris arundinacea L,, is a long 
lived, cool season, perennial forage grass. In the North 
Central pairt of the United States of America it is used mainly 
for pasture but it also can be used for hay or silage. Methods 
used to create improved reed canary gras s synthetic cultivars 
usually involve clonal evaluation and progeny testing. Poly-
cross and topcross progeny tests measure the general combining 
ability of parent clones. 
Asay (1965) found the nonadditive genetic variance to be 
slightly over half of the total genetic variance for forage 
yield in reed canarygrass. Since first generation hybrids 
take fuller advantage of nonadditive genetic effects than syn­
thetic cultivars (Hill, 1971), Asay suggested that a breeding 
program should include evaluation of superior clones in two-
clone combinations. Some combinations might exhibit sufficient 
superiority to make commercial use of hybrids economical. 
If a superior ciross is found, hybrid seed could be produced 
commercially from alternate row plantings of the two parent 
clones. Since reed canarygrass is relatively self-incompatible, 
most seed produced would be hybrid seed. 
As a result of Asay*s work, 14 clones were selected for 
making three complete diallel crosses each involving six 
clones* Altogether there were 42 different two-clone crosses. 
My research involved evaluation of the 14 parent clones, their 
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S]_ progenies, the 42 two-clone crosses, and ? check strains 
for several forage characteristics in solid- and space-planted 
tests. The objectives were as follows : 
1. To determine the amount of heterosis in the two-
clone crosses and whether sufficient heterosis exists 
to justify using first generation hybrids commercially. 
2. To estimate the general and specific combining ability 
of the selected clones for various agronomic charac­
teristics. 
3. To determine the percentage inbreeding depression of 
the parent clones. 
4. To determine the relationship between inbreeding 
depression and average heterosis of the parent clones. 
5- To compare spaced plants and solid stands of the 
material. 
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LITERATURE REVIEW 
Reed canarygrass, Phalaris arundinacea L., is a cool sea­
son, perennial foirage species that is native to the temperate 
portions of Europe, Asia, and North America (Anderson, I96I; 
Schoth, 1929). The tetraploid reed canarygrass has 28 chromo­
somes and on the "basis of karyotype and regular "bivalent for­
mation is considered to be an allotetraploid (McWilliam and 
Neal-Smith, I96I; Ambastha, 1956; and Hanson and Hill, 1953). 
Some of its desirable qualities include the ability to grow 
and survive in either wet or dry conditions (Schaller, Wedin, 
and Carlson, 1972; and Kellholz, 1939)t high yield potential 
(Schaller et al., 1972; and Marten and Donker, I968), and its 
multiple use as pasture, hay, or silage (Schaller et al., 1972; 
and Vose, 1959)» Conversely, some of its undesirable charac­
teristics are low palatability (Barnes, Nyquist, and Pickett, 
I97O; and Rogler, 1944), presence of alkaloids that reduce 
palatability (Simons and Marten, 1971; and Williams, Barnes, 
and Cassady, 1971), poor stand establishment (Vose, 1959), 
and seed shattering (Baltensperger and Kalton, 1959). 
Extensive literature reviews on reed canarygrass have 
been presented by Asay (I965), Brown (I96I), and Baltensperger 
(1958). They also discussed various breeding and experimental 
studies involving reed csinarygrass. Some of these studies 
involved evaluation of different breeding methods, genetic 
variability, yield potential, palatability, inbreeding, and 
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combining ability. 
Combining Ability 
Most varieties of cross pollinated perennial forage 
grasses are synthetics which differ from hybrid cultivars in 
that an advanced generation is used commercially. In both 
types of cultivars parent clones must be found which combine 
well to produce superior progenies. Johnson (1952) stated 
that one of the most difficult tasks of a plant breeder is to 
isolate clones with superior combining ability. 
Sprague and Tatum (1942) divided combining ability into 
two components, general and specific. They used general com­
bining ability (GGA) to designate the average performance of a 
line in hybrid combinations, while specific combining ability 
(SCA) was used to describe those instances when certain com­
binations do relatively better or worse than would be expected 
on the basis of the average performance of the lines involved. 
Since this original description of general and specific combin­
ing ability, GCA and SCA have often been equated with additive 
and nonadditive gene action, respectively. However, Breese 
and Hayward (1972) emphasized that both GCA and SCA may be 
associated with dominance and epistasis and, in the original 
sense, they refer to properties of parents in specific cross 
combinations and not necessarily to properties of the genes 
controlling variation. 
In general, GCA is more important in development of 
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synthetic cultivars, while SCA is more important in development 
of hybrid cultivars. Kehr (1961) stated that GCA was more 
important than SCA in development of synthetic cultivars be­
cause the beneficial effects of nonadditive gene action in the 
first generation of a synthetic diminish during generation ad­
vancement. He added that both additive and nonadditive gene 
effects can be utilized in the Syn. 1 generation of a synthetic 
and in such instancer SCA would be important. Tysdal and 
Crandall (1948) showed the need for selecting parents with high 
combining ability to produce high yielding alfalfa synthetics. 
They produced two synthetics, one of low combining parents 
and one of high combining parents. The latter produced 29?% 
more forage in the first generation than did the synthetic 
from low combining parents. They suggested that high combin­
ing lines could be used either for hybrid or synthetic culti­
vars. Similar work was done by Johnson and Hoover (1953) with 
sweetclover. They compared the Syn. 1 performance of four 
groups of S^  lines selected for high, medium high, medium low, 
and low GCA on the basis of an SQ open-pollination progeny 
test. The yields of the four synthetics in percent of the 
parent variety, Madrid, were I32, 115, 125, and 87?S, respec­
tively. These data show a positive correlation between GCA 
and synthetic cultivar performance. 
General and specific combining ability can be estimated 
effectively by using a diallel crossing system. A diallel 
cross involves crossing any group of lines or clones in all 
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possible combinations. It is useful in detecting specific 
combining abilities and assessing their importance in highly 
selected material (Breese, i960). Griffing (1956) presented 
a detailed examination of the concept of combining ability in 
relation to the diallel crossing system. He discussed differ­
ent methods of analysis that can be used depending on whether 
the parents are a fixed or random set and whether the parents 
or reciprocal crosses are included in the analyses. 
Not only does the diallel analysis provide an estimate 
of both general and specific combining ability, it also gives 
an estimate of the relative importance of each. Kehr (I96I) 
made a diallel cross among six alfalfa clones which were high 
in GCA. The clones were considered a random sample of clones 
high in GCA for forage yield. General combining ability was 
highly significant (.01 level) for fall growth habit and rate 
of recovery, but it was not significant for spring growth 
habit and forage production. Specific combining ability was 
highly significant for all traits. Wilcox and Wilsie (1964) 
published results of a study using nine elite alfalfa clones. 
General combining ability appeared to be of greater importance 
than SCA for fall growth habit, forage yield, and spring vigor. 
In general, results from diallel crosses among unselected 
lines have shown GCA to be more important than SCA. Converse­
ly, SCA has been more important in lines previously selected 
for high GCA. Sprague and Tatum (1942) were the first ones to 
report this for corn inbreds. They concluded from a sti^ dji of 
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a random group of lines that genes affecting GCA were more 
important in determining yield than those affecting SCA. 
When they tested previously selected lines, they concluded 
that genes influencing SCA had the most effect. They reasoned 
that this was true because elimination of undesirable lines 
resulted in lines which had a much higher degree of similarity 
in performance than the original population. By discarding 
inferior lines differences in nonadditive effects such as 
dominance and epistatic effects became relatively more im­
portant. Kalton and Leffel (1955) made the same conclusions 
about unselected orchardgrass clones. Two years later, Torrie 
(1957) compared the relative magnitude of GCA and SCA in two 
groups of perennial ryegrass clones using the diallel cross. 
One group had been selected previously for combining ability 
while the other had not. Estimates of SCA were, on the aver­
age, greater than those of GCA in the group previously selected 
for uniform GCA. The group that had not been selected for 
combining ability showed the reverse. He suggested the results 
agreed with expectations and added that in the diallel of 
selected plants dominance and epistatic effects were greater 
than additive effects mainly because differences in additive 
effects were largely eliminated when the clones were selected 
for similar combining ability. Mishra and Drolsom (1972) also 
found GCA to be more important than SCA in a diallel of seven 
random smooth bromegrass clones. 
Estimates of GCA and SCA are affected by genotypic 
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differences, environmental deviations, and method of planting. 
Theurer and Elling (I963) pointed out that the relative im­
portance of GCA and SCA for a trait depends upon the magnitude 
of variation among the parents and on the genetic system 
governing the trait. Evans, Davis, and Nyquist (I966) ob­
tained significant GCA x years interactions for several traits 
in an eight clone diallel of alfalfa. They also observed a 
GCA X spacing interaction for yield. 
Many synthetic cultivars in the past have not been superi­
or in yield to common open-pollinated varieties or local seed 
sources. Myers (i960) suggested the following reasons for 
this* (1) selection of parents was not based on combining 
ability tests; (2) inappropriate combining ability tests were 
used to measure potential performance; and (3) too many clones 
were included. He added, however, that in most instances 
where combining ability tests were used, the synthetic culti-
vars performed close to expectation based on combining ability 
estimates. 
Heterosis and Two-clone Crosses 
Heterosis, or hybrid vigor, was noticed by many workers 
prior to the early 1900*s, but it was in the early work with 
hybrid com where the heterosis concept was first developed. 
The term "heterosis" was introduced by Shull (1952). He 
defined the heterosis concept as 
...the interpretation of increased vigor, size, fruit-
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fulness, speed of development, resistance to disease 
and to insect pests, or to climatic rigors of any kind, 
manifested by crossbred organisms as compared with 
corresponding inbreds, as the specific results of un-
likeness in the constitutions of the uniting parental 
gametes. 
He emphasized that heterosis is the increase of size, yield, 
vigor, etc. and that he wanted the word to be free from every 
hypothesis. In other words, heterosis is the observed phe­
nomenon and the researcher is left with the challenge to 
answer why or how it happens. A thorough review of hybrid 
vigor was published by Whaley (1944). Also, a special 
conference on heterosis was held in 1950 (.Gowen, 1952). 
Several hypotheses have been proposed to explain hetero­
sis. Two main hypotheses were proposed early and both have 
had strong opponents and proponents during their history. 
Crow (1952) and Allard (i960) discussed in detail the two hy­
potheses. They are often referred to as the dominance and 
the overdominance theories. The dominance hypothesis was 
derived from the observed correlation between dominance and 
beneficial effects and between recessiveness and detrimental 
effects. This hypothesis assumes that detrimental recessive 
factors contributed to the hybrid zygote by one parent are 
masked by favorable dominant alleles from the other parent. 
The overdominance hypothesis is based on the assumption that 
heterozygosity per se contributes to heterosis. It is implied 
that the heterozygous combination of the alleles at a locus to­
gether produce an end product that is superior to the product 
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made by either allele in a homozygous condition. This means 
that the heterozygote is superior in vigor and the amount of 
heterosis is proportional to the amount of heterozygosis. In 
both hypotheses inbreeding leads to a reduction in vigor while 
outcrossing leads to a recovery of vigor. 
Heterosis is well documented in many crops. In fact, 
Burton (1956) feels heterosis is as universal as dominance. 
Moutray and Frakes (1973) observed greater heterosis in tall 
fescue when parents dissimilar in origin and characteristics 
were crossed. Melton (I969) found the same to be true in 
alfalfa crosses. Considerable evidence of heterosis in two-
clone crosses of alfalfa was found by Johnson (I965). Burton 
(1947) observed heterosis in Bermuda grass and captured it in 
a single cross by open-pollination of clones. The variety, 
Coastal, was the result and, since Coastal is reproduced by 
stolons, the heterosis is maintained. Other evidence of 
heterosis in forage crops has been reported by Burton (I968), 
Craigmiles (1966), and Kehr (I96I). 
Evidence of substantial amounts of nonadditive genetic 
variance and hybrid vigor in forage crops has influenced 
breeders to put more emphasis on development of first genera­
tion hybrids for commercial production. Tysdal and Kiessel-
bach (1944) emphasized the production of hybrid alfalfa from 
crosses between two alfalfa clones exhibiting high combining 
ability. Later, Burton (1956) suggested the use of two-
clone hybrids in forage species and discussed their success 
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In. Pangola grass, Bermuda grass, and Bahia grass. Asay (1965) 
reported a ratio of additive to total genetic variance of 0.4 
for yield in reed canarygrass. He suggested that reciprocal 
recurrent selection could be used to take fuller advantage of 
both additive and nonadditive portions. Craigmiles, Crowder, 
and Newton (I965) compared forage production of an hybrid, 
two synthetic cultivars, an open-pollinated cultivar, and com­
mercial cultivars of smooth bromegrass. The hybrid pro­
duced 2095 more forage than the commercial Southland cultivar; 
15.8^  more than the best synthetic tested. It took 4 years 
to develop the F^  hybrid and 12 years to develop the synthetic 
and open-pollinated cultivars. They suggested that hybrids 
with higher yield potential could be made if self-sterile 
clones with superior genetic background and greater agronomic 
diversity could be selected. 
Some reports indicate that the best two-clone crosses 
are not much better than the best synthetic cultivars. Melton 
(1969) reported results from some two-clone combinations of 
alfalfa and synthetic cultivars developed during the same 
period. There was a range in yield from 49 to 115^  of the 
check cultivar among the 36 two-clone crosses tested. The 
hybrid that averaged above the check during the three-year 
period came from a cross between two clones of diverse origin 
exhibiting high general combining ability. However, the 
highest yielding synthetic variety developed during the same 
period of time yielded 14^  above the check. He interpreted his 
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data as indicating the same amount of progress in forage yield 
could be made with synthetics as with hybrids. 
In instances when hybrid seed production is not eco­
nomical or when it is difficult to produce sufficient first 
generation seed, the suggestion has been made to advance the 
hybrid one or two generations. According to theory (Busbice, 
1969)1 the yield will decrease in such instances. Graumann 
(1952) reported that two-clone synthetics of alfalfa produced 
more than multiple clone synthetics in the Syn. 1 generation 
but the two types were essentially equal in the Syn. 3 and 
Syn. 4 generations. The rate of yield loss by advancing the 
synthetics past the Syn. 1 generation was inversely propor­
tional to the number of parents of the synthetics. Similarly, 
Craigmiles (I966) obtained a sudangrass hybrid which pro­
duced 22^  more forage than the highest yielding commercial 
check. Second and third generations of the hybrid were grown 
to see how much heterosis would be lost in later generations. 
The second and third generations produced, respectively, 1? 
and yL$ less forage than the F^  ^ hybrid. Their conclusion was 
that growing second or third generation hybrids counteracted 
the benefit of heterosis. 
Very little has been reported on the relationship between 
heterosis and inbreeding depression of a clone. Davis and 
Panton (I962) observed that S^  alfalfa progenies were excellent 
predictors of two-clone performance. They reported that two 
clones with superior S^  progenies produced the highest 
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performing two-clone cross. Somewhat related to this is a 
report by Grissom and Kalton (I956). They reported that 
clones showing the greatest inbreeding depression tended to 
produce better topcross progenies. 
Spaced Plants versus Solid Planting 
Single plants usually are evaluated for various agronomic 
characteristics such as plant size, growth type, height, 
maturity, leafiness, and sometimes yield. However, the litera­
ture shows disagreement among workers with regard to the use of 
space-planted nurseries to evaluate forage species for agro­
nomic potential in sward conditions. Various authors feel 
space-planted nurseries are of value provided certain condi­
tions are met. Frandsen (1952) and Copeman and Swift (I966) 
observed that variation was greater among spaced plants than 
among plants in a dense sward. Frandsen suggested it should be 
easy to select superior plants under spaced conditions if there 
is a high correlation between the parent plant and progeny in 
a sward condition and providing the character selected has a 
positive effect on dry matter yield. Referring to yield it­
self, Lebsock and Kalton (1954) and Copeman and Swift (I966) 
concluded that yields of spaced plants can be used with reason­
able assurance if the plants are sufficiently replicated and 
yields are obtained from more than one harvest year. 
Other experiments have led researchers to conclude that 
evaluation of spaced plants is of little value (Ahlgren, Smith, 
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and Nielsen, 1945; Wright, I96O; and Voshchinin and Tomarjova, 
1966). Ahlgren (1944) grew 11,800 Kentucky bluegrass plants in 
a space-planted nursery and selected 74 for further testing 
in solid stands. He reported the results were disappointing 
because the large differences noted in the spaced condition 
were not observed in the solid stand. In addition, there was 
virtually no relation between yield estimates in the space-
planted nursery and those obtained from solid plantings. 
Similar results were later reported for reed canarygrass 
(Baltensperger and Kalton, 1958). 
Another planting method comparison was made by Oldemeyer 
and Hanson (1955)» They reported a significant interaction of 
strains with method of planting for orchardgrass. Specific 
combining ability for yield was observed among single crosses 
in a sward condition but not in a space-planted nursery. They 
concluded broadcast planting was more desirable than spaced 
plantings for yield tests. In the same year, Knowles (1955) 
made a similar conclusion about space-planted tests for mea­
suring yields. He felt that picking clones from a space-
planted nursery was not effective in increasing yield in 
progenies. Similarly, Christie and Armstrong (I968) concluded 
it was impossible to select plants in a spaced condition which 
would, also be superior under a pasture or hay cutting regime. 
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Canopy Characteristics 
Various aspects of crop canopies are being examined more 
critically to give a better understanding of crop growth. 
Cooper (1965) discussed variation in properties of a crop 
canopy which determine its efficiency of energy conversion. 
Some of these are: (1) leaf area index (LAI), (2) current 
energy income, (3) light intercepting properties of the canopy, 
(4) erect versus prostrate growth habit, (5) chlorophyll con­
tent of the leaves, and (6) stomatal or mesophyll resistances. 
Rhodes (1972) found annual yields of perennial ryegrass were 
closely related to canopy structure and its components, es­
pecially tiller angle and leaf length. A selection with 
erect tillers and long rigid leaves produced 33?^  more dry 
matter than the cultivar from which it was selected. Compo­
nents of canopy structure were found to be highly heritable. 
In addition, he found that canopy features related to sward 
yield can be measured in young spaced plants. 
Leaf area index has been shown to be an important factor 
in determining dry matter production in forages. Brown and 
Blaser (1968) published an extensive review on the relation­
ship of LAI to pasture growth. They defined LAI as the ratio 
of leaf area to the unit area of land occupied. Generally, 
under favorable environments crop growth rate increases as 
LAI increases and the leaves intercept more light. Similarly, 
Anslow (1965) discussed the hypothesis which postulates low 
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growth rates when LAI is insufficient to intercept a large 
portion of incoming light and when LAI is so large it results 
in shading of leaves. It is felt that somewhere between the 
two extremes there is a point where light interception is 
almost complete and when the most intensely shaded leaves are 
at the compensation point. Thus, there should be maximum 
crop growth rate at an optimum value of LAI. However, he 
noted that results of various experiments do not completely 
support this hypothesis. Some of his data collected on a 
perennial ryegrass sward showed no apparent relationship be­
tween growth rate and amount of light interception. In addi­
tion, he suggested variations in rate of assimilation of an 
individual leaf during its life, arrangement of leaves, leaf 
turnover, and interactions between sward structure and COg 
diffusion as possible factors affecting crop growth rate. 
More recently, Vickery, Brink, and Ormrod (1971) also observed 
that LAI and amount of light interception do not fully explain 
regrowth of defoliated swards of orchardgrass. They suggested 
interactions of environmental conditions and reserve carbo­
hydrate level with LAI are probably involved also. Their re­
sults showed that even though net canopy photosynthesis and 
LAI may be related, one cannot necessarily imply that there is 
a relation between LAI and growth without considering the de­
foliation regime. Certain defoliation regimes may cause re­
sults to show no relation between LAI and pasture growth. 
The relationship between light interception and spatial 
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arrangement of the canopy in relation to crop production also 
has received attention. Brougham (1958) grew perennial rye­
grass and timothy in pure stands and found that they inter­
cepted 95% of the light when the LAI was 7.1 and 6.5, respec­
tively. He explained the difference between species in LAI 
as being due to broader and more horizontal leaves on timothy. 
He also considered orientation and shape of leaves to be a 
major factor in determining the light intercepting capacity of 
the leaves of different species and added that leaf thickness 
and density should also be considered. In his experiment, 
however, the weight per unit area of leaf did not vary markedly 
with stage of growth or species. Two years later, Wilson 
(i960) discussed the influence of spatial arrangement of 
foliage area on light interception and pasture growth. Accord­
ing to Lambert's law, light intensity within a sward falls off 
with depth at the rate of I = I^ e"^  ^where I^  represents the 
intensity of full daylight falling on the surface of the sward, 
I represents the light intensity beneath a leaf area index of 
L, and k is the absorption coefficient. He explained that 
the value of k depends on the spatial arrangement and optical 
properties of the foliage, i.e., for erect foliage the k value 
is lower than when the foliage lies horizontally. He concluded 
that a sward with a certain absorption coefficient at a par­
ticular light intensity will produce a maximum yield only with 
an appropriate total LAI. As leaf angle increases up to a 
certain angle, relative to the soil surface, more leaf area is 
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illuminated and total net assimilation increases. Therefore, 
he felt that, generally, under high daylight intensities, 
swards with an optimal LAI should have their uppermost foliage 
erect, their lowest foliage horizontal, and an appropriate 
angle gradation in between in order to most efficiently utilize 
light. However, when a suboptimal LAI exists he suggested 
horizontal leaves would be preferred. Subsequently, Brown, 
Blaser, and Dunton (I966) discussed the extinction coefficient 
(k) in more detail. They calculated k by the formula 
~ lAI 
where I/I^  is the fraction of light penetrating to the ground 
level. In orchardgrass k tended to decrease with an increase 
in LAI, decreasing from near 1.0 at an LAI of about 1 to 
approximately 0,5 at an LAI of 8. At a similar range in LAI, 
Bermuda grass and white clover k values did not deviate much 
from a value of 1.0. They felt that differences in growth 
among crop species and varieties are probably correlated more 
closely with light interception than leaf area. Ideally, a 
high k value is desired during initial growth, that is, maxi­
mum light interception with minimum leaf area. However, a low 
k (more erect leaves) is desired in later growth stages (higher 
LAI) because it would allow more light to penetrate to lower 
leaves. 
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In Vitro Digestible Dry Matter 
Animal and forage scientists have long recognized that 
the true value of forages can only be measured by animal per­
formance. However, animal performance trials are time consum­
ing, expensive, and usually require more forage than the 
breeder can obtain from his small experimental plots or breed­
ing nursery. Therefore, different in vitro procedures have 
been developed to estimate various aspects of total forage 
quality. Johnson (I963), Shelton and Reid (i960), and Bentley 
(1959) have published reviews describing the development of 
several vitro rumen fermentation procedures which are used 
to estimate digestibility of forage. 
Tilley and Terry (I963) described the techniques involved 
and materials used in a two-stage in vitro digestion procedure 
developed to estimate the dry matter digestibility of forages. 
Basically, the procedure involves incubating 0.5 g of finely 
ground forage in rumen fluid under anaerobic conditions for 48 
hours. At the end of this time the material is centrifuged and 
the supernatant is discarded. The remaining residue is in­
cubated in an acid-pepsin solution for 48 hours under aerobic 
conditions. At the end of this digestion period the liquid is 
filtered off and the undigested residue is dried and weighed. 
The percentage digestible dry matter is then ceJLculated. This 
method will hereafter be referred to as the Tilley and Terry 
method. 
20 
The value of the Tilley and Terry method is measured by 
its ability to accurately estimate in vivo digestibility. 
Tilley and Terry (I963) reported close agreement between in 
vivo and in vitro digestibility values using their method on 
130 samples of grasses and 18 samples of clover and alfalfa. 
However, they cautioned against using in vitro values as ab­
solute measures of animal digestibilities. Similar results 
were obtained at Iowa State University. Wedin, Carlson, and 
Vetter (I966) reported a correlation of .996 between percentage 
of in vivo and in vitro digestible dry matter (IVDDM) in fall-
saved forage. This was followed by a report from Wurster, 
Kamstra, and Ross (1971) in which they reported a correlation 
of .89 between in vivo and in vitro dry matter digestibilities 
in smooth bromegrass, intermediate wheatgrass, and crested 
wheatgrass. They stated that the Tilley and Terry method 
could be used by plant breeders to detect genetic differences 
in forage quality. 
The Tilley and Terry method has been used extensively in 
various types of experiments with different forage species, 
some of which have been mentioned. Cooper et al. (I962) cal­
culated heritability estimates for digestibility. They ob­
tained nonsignificant heritability values of -O.29 and 0.1? 
for July and August cuts, respectively, for perennial ryegrass. 
All parents were high in IVDDM and very little variation was 
found among their progenies. With orchardgrass, however, 
significant heritability values of O.52 and 0.53 were obtained 
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for July and August cuts, respectively. Pritchard, Folkins, 
and Pigden (I963), Mowat, Christie, and Winch (1965), and 
Julen and Lager (I966) reported that immature stems of forage 
grasses are slightly higher or about equal to leaves in their 
in vitro digestibility. They added that as plants mature, 
stems decrease in digestibility more than leaves. Genetic 
variation for percentage IVDDM within and between species also 
has been reported by Christie and Mowat (1968) and Carlson 
et al. (1969). 
Percentage IVDDM values for reed canarygrass have ranged 
from 40 to 70^  depending on the management system used. 
Pritchard et al. (I963) measured in vitro digestibility of six 
grasses at nine progressive dates of cutting. They reported 
the following percentages of digestibility for reed canarygrass 
at the following stages of maturity1 vegetative (one week be­
fore head emergence), 67.2; head emergence, 63.65 flowering, 
53*1; and post flowering (heads browning), 42.6. Similarly, 
Wedin et al. (I966) reported that IVDDM values decreased mark­
edly with a delay in fall harvest. In addition, they deter­
mined percentage IVDDM on vegetative reed canarygrass sampled 
as tops and bottoms. Each portion comprised about 50?^  of the 
total weight. The tops were about 10 to 15 percentage units 
higher in IVDDM than the bottoms. This work was followed by 
an experiment designed to study genetic variation in 20 reed 
canarygrass clones and their topcross progenies for two years 
under two different clipping managements (Carlson et al., 
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1969). Parent-progeny correlations were significant which 
indicated heritable variation in IVDDM. Estimates of broad 
sense heritability among parent clones ranged from 51 to 80^ 
on a mean basis. Narrow sense heritability estimates, cal­
culated by doubling the regression of progeny means on clonal 
means, ranged from 30 to 131^» They concluded that there was 
sufficient heritable variation in percentage IVDDM so that 
improvement could be made by selecting on the basis of clonal 
performance followed by a progeny test for general combining 
ability. 
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MATERIALS AND METHODS 
Materials 
The materials used in this experiment included 14 parent 
clones, the first selfed generation (S^^) of each parent clone, 
42 two-clone crosses, and ? different check entries. The 
origin of the parent clones is listed in Table 1. Three sets 
of diallel crosses, each involving six clones (Table 2), were 
made among the 14 parent clones. Each individual cross was 
made by inserting panicles of two clones into a pollination bag 
and allowing mutual cross-pollination inside the bag. Pollina­
tion bags were tapped during pollination to promote crossing. 
The three diallels are referred to as diallels 1, 2, and 3-
The clones in diallels 1 and 2 were chosen mainly on the basis 
of good seed retention, however, other desirable agronomic 
characteristics also were considered. The clones for diallel 
3 were chosen on the basis of high general combining ability 
for forage production. Because of the duplication of clones 
6-3, 37-1» and 48-5 in diallels 1 and 2 there were only 42 
instead of 45 different two-clone combinations. Synthetic 
cultivars had been made from the clones in diallels 1 and 2 
(Vantage and RC-2, respectively) and their Syn. 1 and Syn. 2 
generations were included in the test as checks. A synthetic 
cultivar is an advanced generation of crosses among two or more 
selected clones or lines. The Syn. 1 generation is produced 
by random interpollination of the parents and the Syn. 2 is 
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Table 1. Origin of seed from which parent clones originated 
Parent 
clone Origin of seed 
2-1 Low hay meadow five miles northwest of St. Michael, 
Minnesota 
6-3 Waterway on Fairchild farm, Cresco, Iowa 
12-6 Ditch bank, west edge of Easton, Minnesota 
14-5 Ditch and pasture one mile east of Forest City, Iowa 
15-1 Ditch bank two miles south and two miles west of 
Easton. Minnesota 
16-7 Hay field, Howard County Experimental Farm near 
Saratoga, Iowa 
19-6 Seed field of loreed, Ankeny Farm, Ankeny, Iowa 
28-2 Three miles west of Gamavillo, Iowa 
31-2 Will Strohbehn, west part of Pottawattamie County, 
Iowa 
37-1 A. B. Jolley farm south of Brooklyn, Iowa 
47-2 Ray Koehler farm near Charles City, Iowa 
48-5 Ryan Lake in Emmet County, Iowa 
50-1 Seed field, West Concord, Minnesota 
64-2 P.I. Station, Ames, Iowa, P.I. 172443 from Turkey 
Table 2. Clones involved in the three diallel crosses 
Diallel 1 Diallel 2 Diallel 3 
6-3 6-3 2-1 
15-1 12-6 14-5 
16-7 19-6 16-7 
37-1 28-2 31-2 
47-2 37-1 50-1 
48-5 48-5 64-2 
25 
the first advanced generation. This is in contrast to a true 
hybrid cultivar which is the first generation of a cross be­
tween two or more clones or lines. The other three checks 
included in the test were two commercial synthetic cultivars, 
loreed and Rise, and a seed lot of common reed canarygrass. 
'Common', as it is called, is open-pollinated seed from a 
field of reed canarygrass of unknown origin. 
Methods 
The plsmt materials just described were started in the 
greenhouse prior to transplanting to the field. During Febru­
ary 1970» seeds of all entries except the parent clones were 
planted in metal flats. When the seedlings were approximately 
2 inches tall they were transplanted into small peat pots, 
with one seedling per pot. Plant material of the parent clones 
was brought into the greenhouse in late fall (I969) and 
separated into individual tillers during March 1970. Thus 
the plants started from seed and those started from tillers 
were nearly equal in size when they were transplanted to the 
field. 
The experiments were located on the Iowa State University 
Agronomy and Agricultural Engineering Research Center located 
approximately seven miles west of Ames on U.S. Hwy. 30. Oats 
were grown in the field in I969 and the field had been fall 
plowed. Approximately 224 kg per ha of 0-26-26 were applied 
both before the field was plowed and again in early spring of 
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1970 before the field was prepared. Two different field ex­
periments were planted, a solid-planted forage yield test and 
a space-planted test for observing heading date. 
The experimental design for the forage yield test was a 
partially balanced lattice with 81 entries and 5 replications. 
Since only 77 different entries were included in the experiment 
the two generations of Vantage and RC-2 were each duplicated to 
bring the number to 81. The first five replications of a com­
pletely balanced lattice were used (Cochran and Cox, 1957)• 
The plots consisted of 24 plants on 20,3 cm centers in a 4 x 6 
arrangement. Plots were separated on the sides by one row of 
alfalfa while four rows of alfalfa 20,3 cm apart were planted 
in alleyways separating ends of plots. The alleyways facili­
tated note taking and harvesting. Actual transplanting was 
done during the last week of April and the first week of May 
1970. Lack of rain during the transplanting period made it 
necessary to apply water to the plants. The water was brought 
to the field in a large water tank mounted on a truck and 
applied with a garden hose. Eleven days after transplanting, 
the alfalfa border rows were seeded with a Planet Jr. seeder. 
Tall fescue was planted around and between the five reps to 
serve as ground cover. 
The space-planted test was planted near the forage yield 
test three weeks later. The two generations of Vantage and 
RC-2, which were duplicated in the forage test, were entered 
only once in the space-planted test. Thus, this test con­
27 
sisted of 77 entries in each of two replications of a ran- . 
domized complete block design. Six plants per plot were 
transplanted on 1-meter centers, both within and between 
plots. Reserve plants for both tests were maintained in the 
greenhouse to replace plants that died during the year of 
establishment. 
Fertilizer was applied to each test during 1971 and 1972. 
In early spring of each year, 0-26-26 was applied to the for­
age yield test at a rate of approximately 280 kg per ha. 
In addition, nitrogen in the form of ammonium nitrate was 
applied in equal split applications of 67 kg per ha in 
early spring of both years and after the first 3 harvests in 
1971 and the first 4 harvests in 1972. The space-planted test 
also received 67 kg of ammonium nitrate per hectare each 
spring. 
No measurements were taken during the year of establish­
ment (1970) but both tests were weeded and the forage yield 
test was clipped three times to help control weeds. Data 
collection began in 1971. Measurements and ratings taken on 
the forage yield test included the following: 
1. Yield. Four harvests in 1971 and five in 1972 were 
taken to simulate rotational grazing. A National 
sicklebar mower was used to take the first cutting in 
1971. The harvested area in each plot was 86.4 x 
121,9 cm. The harvested forage from each plot was 
raked onto a canvas, put into a cloth bag, and dried 
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in a forced air drier at 6o°C. The dried forage was 
weighed to the nearest gram on a 500 g Toledo balance. 
For the other harvests, a Sensation rotary lawnmower 
with a catch basket was used, and the harvested for­
age was put into cloth bags, dried, and weighed as 
described previously. The size of the harvested 
area with that mower was 50,8 x 121.9 cm. A stubble 
10.2 cm high was left with both mowers. Following 
the harvest of plots for yield determination, the 
remaining forage was cut sind removed. 
2. Ground cover. A rating scale of 1 least to 5 most 
was used to rate plants as to how well they spread 
within the plots. Tiller density was considered also. 
3. Tiller density. During May 1973. the plots were rated 
for number of tillers per plot. A rating scale of 1 
most dense to 9 least dense was used. 
4. Height. Just prior to the first and third harvests 
in both harvest years, the height of forage in each 
plot was measured by laying a 61 x 122 cm piece of 
cardboard lightly on top of each plot and recording 
the height of the cardboard through a hole in 
the center. 
5. Panicle number. The first harvest in both years was 
taken before growing points of flowering tillers of 
the later maturing entries were tall enough to be 
clipped off, consequently, those entries headed after 
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the first harvest. A rating scale of 1 to 6 was 
used to rate plots for number of panicles after head­
ing was completed. Plots were rated as follows» 
1 = no panicles 
2 = 1 - 5  p a n i c l e s  
3 = 6-10 panicles 
4 = 11-15 panicles 
5 = 16-20 panicles 
6 - over 20 panicles 
6. Upring vigor. On May 3i 1972, the plots were rated 
for spring vigor on a scale of 1 most to 9 least 
vigorous. 
7. Percent reed canarygrass. Kentucky bluegrass and 
other annual and perennial weeds gradually invaded 
some of the plots. Visual estimates of the percent 
reed canarygrass were made just before the third, 
fourth, and fifth cuttings in 1972. The dry weight 
of forage from each plot for those harvests was 
adjusted for weed content and the adjusted weight 
was used in subsequent analyses. 
8. Light measurements. Immediately before the third 
harvest in 1972, light measurements were taken to 
determine the amount of light penetrating the canopies 
of the parent clones and two-clone crosses in three 
replications. (See Hanson, Wayne Robert. 1970. Pod 
and leaf removal effects on net photosynthesis in soy­
beans. Unpublished K.S. thesis, Iowa State University 
Library, Ames, Iowa, for a detailed description of the 
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light probe used for the readings.) The light probe 
was inserted into each plot in three different places 
and the three readings were averaged. All readings 
were taken during a four-and-one-half-hour period be­
tween 10:00 a.m. and 2:30 p.m. central daylight time 
on a clear day. 
9. Leaves and stems. Immediately after the third harvest 
in 1972, 10 tillers were chosen at random from the 
forage remaining in plots of parent clones and two-
clone crosses in the three reps used for light mea­
surements. Leaf blades were separated from leaf 
sheaths plus stems and the two components were 
weighed to estimate the ratio of leaf blade weight 
to total dry weight. 
10. Specific leaf area and weight. At the same time the 
tiller samples were taken, 10 additional leaf blades 
were randomly chosen. A rectangular piece was cut 
from the middle of each blade and its length and 
width were measured to the nearest mm. The sample of 
10 such pieces was dried and specific leaf area and 
weight were calculated. The formula used to calculate 
specific leaf area (SLA) was SLA = leaf area/dry 
weight. Specific leaf weight is the reciprocal of 
SLA. Leaf area index (LAI) and an extinction coeffi­
cient (k) were calculated from the various leaf and 
light measurements. Leaf area index is the leaf area 
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per unit area of land and is calculated by the 
following formula: 
= (leaf weight ratio)(total plot dry weight)(SLA) 
k is a value used to describe the relationship between 
LAI and light penetration and was calculated by; 
k = 
LAI 
where I/lo is the fraction of light penetrating the 
canopy. 
Percentage in vitro digestible dry matter (IVDDM). 
Dry matter digestibility was estimated by using a 
modification of the Tilley and Terry (1963) two-stage 
technique. (See, Martin, Neal Paul. 1971. Effects 
of fall weathering on yield and composition of grain 
sorghum. Unpublished M.S. thesis, Iowa State Univer­
sity Library, Ames, Iowa, for a complete description 
of the procedure.) Basically, the procedure involved 
digestion of 0.5 g finely ground forage in fresh rumen 
fluid for 48 hours followed by a 48-hour digestion 
period with acid pepsin. The percentage IVDDM was 
calculated from the remaining undigested dry matter. 
The percentage IVDDM was determined on a sample of 
fourth-cutting forage from each plot in 1971. In 
1972, determinations were made on samples of third-
cutting forage from all entries except the Sj, progenies 
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which were excluded because of high weed content. 
Characteristics measured on the space-planted test were 
as followsI 
1. Heading date. Plants were recorded as having headed 
when over half of the flowering tillers had panicles 
half emerged from the flag leaf sheath. Kay 1 was 
considered as day 1, i.e., a plant which headed on 
May 29 was given a maturity rating of 29. Days were 
numbered consecutively until the end of heading. 
2. Yield. Plots were harvested both years after com­
pletion of heading. Another harvest was taken on 
August 31 1971. Green weight was recorded in kilo­
grams per plot for each cutting# 
3. Disease rating. Plants were rated for disease reac­
tion twice in 1972, once at heading and again in late 
fall. A rating scale of 1 to 8 was used with 1 being 
least and 8 most severely affected. The predominant 
causal agent was Stagonospora foliicola (Bres.) Bubak. 
Some Helminthosporium giganteum Heald and Wolf was 
noticed at the September rating. 
Statistical Analysis 
Statistical analyses of variance were computed on the data 
for all measurements in these experiments. Most of the analy­
ses were done on the computer at the Iowa State University 
Computation Center. Lattice analyses of variance were computed 
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by the ABIYOYO program at the computation center on all nine 
harvests, 1971 and 1972 annual yields, 1971-72 first-cutting 
yield, 1971 and 1972 aftermath, total aftermath, and total 
yield. Aftermath is the total amount of dry matter harvested 
after the first cutting each year. All combined yields were 
treated as separate measurements. The ABIYOYO program also was 
used on all other measurements taken on all five reps except 
for percentage IVDDM. For percentage IVDDM, the samples from 
each replication were run separately in the laboratory and 
could not be blocked according to the field plan; also, any 
effects of a different sample of rumen fluid and buffer used 
for each run were confounded with field replication effects. 
Therefore, it was felt a randomized complete block (RGB) an­
alysis would be more appropriate, plus the fact that in 1972 
the S^'s were not included, thus requiring a RGB analysis in 
1972. Randomized complete block analyses also were used for 
the various canopy measurements taken at the time of the third 
harvest in 1972 and all measurements on the space-planted test. 
In addition, functional analyses of variance were computed for 
total yield and annual yields in 1971 and 1972 from the forage 
test. In these latter analyses the effective error mean square 
from the appropriate lattice AOV was used in computing F values 
to test significance of differences. In all computations re­
quiring the use of means, the adjusted means from the lattice 
analysis were used because of the generally high relative 
efficiencies of lattice analyses over RGB analyses. The 
3^ 
relative efficiencies from analyses of various traits are 
tabular!zed in Table 3* They ranged from a low of 104^ to a 
high of 183#. 
Estimates of general and specific combining ability were 
calculated in accordance with Method k-, Model 1 diallel analy­
sis proposed by Griffing (1956). Only the crosses are in­
cluded in the Method 4 analysis. Model 1 was used because the 
clones were a selected group and not a random sample from a 
larger population. Significance of general and specific com­
bining ability mean squares was tested by using the effective 
error from the appropriate lattice AOV or error mean square 
from the RGB analysis. In instances where significance was 
found, general and specific combining ability effects also 
were calculated by Griffing's method. 
Phenotypic correlations, heterosis for forage yield, and 
inbreeding depression for forage yield also were calculated. 
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Table 3. Relative efficiencies of the partially balanced 
lattice design over the randomized complete block 
design for various traits 
Relative 
efficiency 
Trait i f o )  
Total yield 167 
1971-72 first-cutting yield I83 
Total aftermath 129 
Aftermath, 1971 111 
Aftermath, 1972 I35 
Cut 1, 1971 175 
Gut 2, 1971 107 
Cut 3, 1971 108 
Cut 4. 1971 114 
Total, 1971 149 
Cut 1, 1972 133 
Cut 2, 1972 104 
Cut 3. 1972 120 
Cut 4, 1972 118 
Cut 5. 1972 133 
Total, 1972 147 
Spring vigor, 5/72 118 
Ground cover, 6/71 121 
Ground cover, 9/71 111 
Ground cover, 5/72 I05 
Height, 5/71 137 
Height, 7/71 111 
Height, 6/72 126 
Height, 7/72 119 
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RESULTS 
Forage Yield Test 
General analyses 
Entry means for total, 1971-72 first-harvest, and after­
math yields are presented in Table Significant differences 
were found among entries for all yield combinations (Table 5)» 
The significance of differences among and within groups of 
entries in total yield is presented in Table 6. The crosses 
and S^'s averaged, respectively, significantly higher and lower 
in yield than the clones. There were significant differences 
in total yield among clones, S^ progenies, two-clone crosses, 
and check entries. The range in yield was greater among 
clones than among crosses. Cross 14-5 x 64-2 was the highest 
yielding entry followed closely by clone 14-5. Eight of the 
ten highest yielding crosses were from diallel 3 and two were 
from diallel 2. Clones 64-2, 50-1» 16-7, and 14-5 were in­
volved as parents in five, three, three, and three of those 
crosses, respectively. Common was the highest yielding check 
strain. Entries of RC-2 averaged hi^er in yield than those 
of Vantage. There was not a significant change in yield with 
generation advancement of either Vantage or RC-2. 
The four groups of entries ranked the same for 1971-72 
first-harvest and aftermath yield as for total yield; however, 
ranking of entries changed within groups. Cross 16-7 x 64-2 
was the highest yielding entry over years at the first 
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Table 4, Adjusted total, I97I-72 first-cutting, and after­
math dry matter yield of each entry and group of 
entries in the forage yield test 
Grams per plot 
1971-72 
first- 1971 1972 1971-72 
1971-72 cutting after- after- total 
Entry total yield math math aftermî 
Clones 
2-1 767 195 241 332 573 
6-3 884 247 271 367 637 
12-6 606 128 209 271 479 
14-5 1022 264 344 414 758 
15-1 802 191 271 340 612 
16-7 895 273 272 350 623 
19-6 843 169 302 371 674 
28-2 958 190 355 414 768 
31-2 754 200 238 315 554 
37-1 890 210 305 380 684 
47-2 832 227 290 313 604 
48-5 767 245 222 298 521 
50-1 943 247 308 385 694 
64-2 857 266 271 318 590 
Mean 
S • 
844 218 278 348 626 
1 
2-1 517 121 187 207 395 
6-3, 710 176 228 307 536 
12-6 540 98 188 256 443 
14-5 754 179 262 311 573 
15-1 474 100 172 201 373 
16-7 731 219 221 289 510 
19-6 666 138 228 300 528 
28-2 832 167 298 368 667 
31-2 579 131 189 259 448 
37-1 753 174 249 325 576 
47-2 597 139 244 217 460 
48-5 610 186 188 240 427 
50-1 716 175 242 298 540 
64-2 480 124 167 188 356 
Mean 640 152 219 269 488 
Crosses 
2-1 X 14-5 906 227 311 369 680 
2-1 X 16-7 902 270 279 354 632 
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Table 4. (Continued) 
Grains per plot 
1971-72 
first- 1971 1972 1971-72 
1971-72 cutting after- after- total 
Entry total yield math math aftermath 
2-1 X 31-2 
2-1 X 50-1 
2-1 X 64-2 
6-3 X 12-6 
6-3 X 15-1 
6-3 X 16-7 
6-3 X 19-6 
6-3 X 28-2 
6-3 X 37-1 
6-3 X 47-2 
6-3 X 48-5 
12-6 X 19-6 
12-6 X 28-2 
12-6 X 37-1 
12-6 X 48-5 
14-5 X 16-7 
14-5 X 31-2 
14-5 X 50-1 
14-5 X 64-2 
15-1 X 16-7 
15-1 X 37-1 
15-1 X 47-2 
15-1 X 48-5 
16-7 X 31-2 
16-7 X 37-1 
16-2 X 47-2 
16-7 X 48-5 
16-7 X 50-1 
16-7 X 64-2 
19-6 X 28-2 
19-6 X 37-1 
19-6 X 48-5 
28-2 X 37-1 
28-2 X 48-5 
31-2 X 50-1 
31-2 X 64-2 
37-1 X 47-2 
37-1 X 48-5 
47-2 X 48-5 
50—1 X 64-2 
Mean 
814 205 263 345 608 
906 228 297 380 677 
953 276 303 374 678 
850 166 299 384 682 
895 218 292 380 674 
925 267 281 378 658 
890 193 303 393 696 
943 200 323 420 743 
912 204 314 392 707 
883 260 287 340 625 
884 269 272 344 616 
784 156 278 352 629 
910 177 319 413 732 
839 174 317 349 665 
793 
974 
196 273 322 596 
268 321 386 706 
930 226 309 394 703 
984 251 333 398 733 
1031 302 337 393 731 
846 230 275 338 615 
839 181 293 364 658 
823 210 276 335 611 
809 242 239 327 566 
864 243 269 353 621 
912 231 301 382 682 
864 256 277 333 609 
676 276 267 335 602 
958 279 306 378 682 
1018 330 292 398 688 
931 I83 348 402 749 
927 211 316 398 714 
820 219 257 344 601 
979 196 357 429 786 
918 245 296 377 673 
870 213 287 371 658 
939 274 284 383 666 
843 211 283 350 632 
805 215 257 336 592 
775 224 248 303 552 
1001 283 331 388 719 
893 231 295 369 663 
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Table 4. (Continued) 
Grains per plot 
1971-72 
first- 1971 1972 1971-72 
1971-72 cutting after- after- total 
Entry total yield math math aftermath 
Checks 
Vaintage Syn. 1 874 244 275 355 631 
Vantage Syn. 1 860 231 280 347 628 
Vantage Syn. 2 828 212 287 328 615 
Vantage Syn. 2 864 244 276 343 620 
RC-2 Syn. 1 902 223 305 374 679 
RC-2 Syn. 1 883 199 314 370 684 
RC-2 Syn. 2 874 202 307 367 674 
RC-2 Syn. 2 967 218 333 417 750 
loreed 841 235 264 339 6 04 
Rise 851 216 270 366 635 
Common 918 237 3O8 377 683 
Mean 870 224 288 358 646 
Overall mean 839 214 278 347 625 
LSD (.05) 64 32 27 35 52 
harvest. It yielded 330 g and was followed by 14-5 x 64-2 with 
302 g. Three of the ten crosses highest in 1971-72 first-
harvest yield also were among the ten crosses highest in total 
aftermath yield. Those were l4-5 x 16-7, 14-5 x 64-2, and 
50-1 X 64-2. 
More precipitation during the summer and fall of 1972 
than in 1971 promoted more aftermath production in 1972. 
Aftermath yield was 70 and 79^ of the total yield in 197I 
and 1972, respectively. Clone 28-2 proved superior both as a 
clone and in crosses for total aftermath production. Three of 
Table 5* Lattice analyses of variance for various yield combinations in the 
forage yield test 
Mean squares 
Source of 
variation df Total yield 
1971-72 
first-cutting 
yield 
Aftermath 
1971 
Aftermath 
1972 
Total 
aftermath 
Replications 4 409,734.56 122,463.62 9,875.43 81.933.06 125,135.56 
Entries 
(adjusted) 80 74.272.75** 10,706.88** 8,746.55** 13,018.49** 41,328.27** 
Blocks 40 18.350.95 5.417.05 1,094.86 3,583.28 6,778.33 
Error 
Intrablock 280 2,353.56 585.49 425.89 733.50 1,586.93 
Effective 280 2,610.02 650.77 485.42 806.41 1,738.86 
GV ( f o )  6.09 11.93 7.69 8.19 6.67 
•«••Significant at the .01 level. 
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Table 6. Functional analysis of variance for 1971-72 total 
yield in the forage yield test 
Source of 
variation df Mean squares 
Si's 
crosses 
, Si's 
Entries 
Among groups 
Clones vs. 
Clones vs. 
Grosses vs 
Among clones 
Among Si's 
Among crosses 
Among checks 
Vantage + RC-2 vs. I+R+C 
Vantage vs. RC-2 
Among Vantage entries 
Syn. 1 vs. Syn. 2 
Among entries of Syn. 
Among entries of Syn. 
Among RC-2 entries 
Syn. 1 vs. Syn. 2 
Among entries of Syn. 
Among entries of Syn. 
loreed + Common vs. Rise 
Common vs. loreed 
Effective error 
80 
a 
1 
1 
1 
13 
II 
10 
1 
1 
3 
1 
1 
1 
1 
1 
1 
280 
1 
1 
74 
1,160 
1,460 
126 
3,372 ÎI 
20 
7 
1 
24 
1 
2 
3 
8 
4 
21 
2 
15 
2 
,286. 
,691. 
,745. 
,862. 
,437. 
»595. 
,279. 
,7p. 
,667. 
,383. 
,875. 
,983. 
,300. 
462. 
,186. 
,890. 
,089. 
912. 
,669. 
,688. 
,132. 
,610. 
56** 
32** 
00** 
30** 
ko** 
16** 
CO*» 
^2** 
92** 
35 
15** 
03 
50 
40 
20 
27* 
80 
00 
00** 
55 
10* 
02 
^loreed, Rise, Common, respectively. 
** and *Significant at .01 and .05 levels, respectively. 
the five highest yielding entries were clone 28-2 and two of 
its crosses. In addition, the S^ progeny of 28-2 produced 
more total aftermath forage than nine parent clones and all 
other S^ progenies. 
Entry yields at each harvest and over harvests in 1971 
and 1972 are presented in Table 47. Analyses of variance are 
presented in Tables 48, 49, and 50. The four groups of 
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entries ranked the same in first-harvest and total yield in 
each year as for total yield over years. The highest yielding 
entry in each group is underlined once and the highest yielding 
entry in the experiment is underlined twice. Two entries, the 
progeny of 28-2 and one entry of RC-2 Syn. 2, were consis­
tently high yielding in their respective groups. 
Measurements of forage height and ratings on spring vigor, 
ground cover, and tiller density were taken to supplement 
yield measurements. Means for these traits are presented in 
Table ?. Ground cover and tiller density ratings were esti­
mates of spreading ability and number of tillers per unit 
land area, respectively. The analyses of variance in Table 8 
indicate significant differences among entries for each trait. 
There were similarities between rankings of the four groups 
of entries for supplementary traits and for yield. Similar 
to their ranking for yield, the crosses usually were the best 
group and the progenies were always the poorest group. A 
comparison of the clones shows that 28-2 was superior at all 
three ground cover ratings. Two-clone crosses involving 28-2 
also were good for this trait which indicates a certain amount 
of heritability and possible improvement through breeding. 
Those same entries also were among the high yielding entries, 
particularly in aftermath production. 
Tiller density ranking of the four groups in 1973 was the 
Game as the total yield ranking. The ratings indicate that 
the crosses, on the average, had more tillers per unit area 
Table 7. Mean performance of all entries for spring vigor, ground cover, tiller 
density, and height in the forage yield test 
Spring ^ Tiller 
vigor^- Ground cover density Height (cm) 
Entry 5/72 6/71 9/71 5/72 5/73 5/71 7/71 5/72 7/72 
Clones 
2-1 6.0 2.9 4.4 2.6 5.1 25.1 28.2 25.9 27.2 
6-3 5.2 3.1 4.3 3.1 4.9 27.9 27.7 30.2 26.7 
12-6 5.9 3.3 3.4 2.6 8.4 18.0 27.2 24.6 24.6 
14-5 3.7 3.1 3.5 3.9 3.8 31.8 34.5 29.7 34.8 
15-1 4.8 3.3 2.7 2.6 6.8 27.7 34.3 29.5 34.5 
16-7 2.2 3.0 3.8 3.7 2.0 32.8 34.5 34.0 33.0 
19-6 5.7 3.8 3.7 2.4 6.1 23.1 29.7 23.6 32.0 
28-2 3.1 4.0 4.7 4.6 2.6 24.1 35.8 26.4 30.5 
31-2 4.5 3.2 3.5 2.5 6.4 25.4 29.0 29.0 29.5 
37-1 3.5 2.8 4.0 3.7 3.5 22.9 34.8 26.9 34.8 
47-2 6.3 2.4 2.3 1.8 7.3 34.0 36.6 33.8 33.3 
48-5 3.7 2.9 3.0 3.2 6.2 32.5 31.8 33.0 31.2 
50-1 2.5 2.4 2.6 3.6 4.5 29.2 35.3 31.8 35.3 
64-2 3.3 2.6 3.4 3.0 7.4 37.8 30.0 33.5 31.0 
Mean 4.3 3.1 3.5 3.1 5.4 27.9 32.0 29.5 31.2 
^Rated 1-9; 1 = 
^Rated 1-5» 1 = 
°Rated 1-91 1 = 
most vigorous, 9 = least vigorous. 
least, 5 = most. 
most dense, 9 = least dense. 
Table ?. (.Continued) 
Spring 
vigor Ground cover 
Entiy 5/72 6/71 9/71 5/72 
Si's 
2-1 7.6 1.9 2.2 1.5 
6-3 5.2 2.3 3.1 2.6 
12-6 7.8 1.8 2.5 1.7 
14-5 5.6 2.0 2.9 2.6 
15-1 8.5 2.0 2.0 1.1 
16-7 6.0 2.1 2.9 2.3 
19-6 7.2 2.3 2.9 1.6 
28-2 4.3 2.2 3.7 3.7 
31-2 7.1 1.9 2.7 1.6 
37-1 6.4 2.6 3.0 2.7 
47-2 8.0 1.6 2.0 1.3 
48-5 6.4 2.1 2.2 2.4 
50-1 5.4 1.1 1.5 2.4 
64-2 8.3 1.8 2.0 1.2 
Mean 6.7 2.0 2.5 2.0 
Crosses 
2-1 X 14-5 4.8 2.9 3.4 3.4 
2—1 X 16—7 3.2 2.8 3.6 3.2 
2-1 X 31-2 4.4 2.9 4,2 2.8 
2-1 X 50-1 3.6 1.9 3.1 3.3 
2-1 X 64-2 2.9 2.6 3.9 3.6 
6-3 X 12-6 5.2 3.0 4.3 2.7 
6-3 X 15-1 4.7 2.9 4.2 3.1 
6-3 X 16-7 2.7 2.8 4.4 3.7 
Tiller 
density Height (cm) 
5/73 5/71 7/71 5/72 7/72 
7.4 24.6 23.6 20.8 23.4 
6.7 24.6 26.9 27.4 25.1 
8.3 17.3 25.9 23.4 24.6 
7.4 25.1 28.4 25.4 27.7 
8.7 23.4 25.1 19.6 26.4 
5.6 29.7 28.4 28.2 27.4 
7.9 20.6 25.4 21.8 26.2 
5.9 22.1 32.8 27.2 28.2 
8.0 22.1 24.4 23.4 26.7 
6.0 23.4 29.2 24.4 29.0 
8.9 25.9 30.7 28.7 27.4 
7.5 28.2 26.4 29.2 25.6 
6.8 24.4 30.7 25.6 29.5 
8.7 25.4 22.4 21.3 24.6 
7.4 24.1 27.2 24.6 26.7 
3.9 28.4 35.8 28.7 31.0 
3.5 30.7 33.0 30.2 30.7 
4.7 25.9 30.5 27.2 28.7 
5.2 27.9 34.0 31.0 31.8 
5.9 37.1 34.3 34.8 33.3 
5.2 20.8 32.3 25.4 27.7 
4.0 25.9 31.8 29,0 31.0 
3.1 29.0 33.8 30.2 29.2 
Table ?• (Continued) 
Entry 
Spring 
vigor 
5/72 
Ground cover 
Tiller 
density 
5/73 
Height (cm) 
6/71 9/72 5/72 5/71 7/71 5/72 7/72 
6-3 X 19-6 4.5 3.1 4.6 3.0 5.2 22.9 31.8 25.9 30.5 
6-3 X 28-2 3.6 3.1 4.8 3.8 5.1 23.6 34.3 29.0 30.0 
6-3 X 37-1 3.8 3.0 4.4 3.9 3.6 21.3 33.8 26.9 29.7 
6-3 X 47-2 3.2 3.0 3.7 3.0 5.2 28.2 32.5 31.2 28.2 
6-3 X 48-5 2.6 2.8 3.6 4.0 4.3 28.2 31.2 23.5 30.2 
12-6 X 19-6 5.0 3.3 4.3 2.4 6.4 21.8 30.0 24.6 30.0 
12-6 X 28-2 3.3 3.1 4.8 4.6 5.3 20.1 32.5 24.9 27.9 
12-6 X 37-1 4.2 2.8 4.0 3.6 3.8 19.8 34.5 24.9 29.7 
12-6 X 48-5 3.8 2.8 3.4 3.3 5.5 24.9 30.5 29.2 29.5 
14-5 X 16-7 2.8 2.9 3.2 3.9 3.5 30.7 35.6 30.7 32.5 
14-5 X 31-2 3.2 2.7 3.6 3.6 5.3 26.7 33.3 29.0 31.2 
14-5 X 50-1 3.3 2.1 3.0 3.2 5.9 29.0 35.6 30.5 31.0 
14-5 X 64-2 2.1 2.6 2.8 4.2 5.5 38.1 36.3 34.8 34.3 
15-1 X 16-7 4.5 2.7 3.6 2.7 5.6 28.2 33.8 29.2 31.0 
15-1 X 37-1 4.7 2.6 3.6 3.1 3.5 21.6 35.6 25.4 32.0 
15-1 X 47-2 5.1 3.0 3.1 2.7 7.2 29.0 34.3 30.6 30.0 
15-1 X 48-5 2.8 3.0 3.3 3.7 5.7 32.5 32.3 32.5 31.0 
16-7 X 31-2 3.3 2.8 3.9 3.2 4.7 28.2 33.5 31.5 31.2 
16-7 X 37-1 3.1 2.8 3.2 3.8 3.4 24.4 34.8 27.7 32.3 
16-7 X 47-2 4.5 2.9 3.0 3.2 6.3 33.3 34.3 30.7 30.7 
16-7 X 48-5 2.5 2.9 3.8 3.6 4.6 34.5 32. 0 32.3 32.5 
16-7 X 50-1 3.1 2.2 2.9 3.7 4.5 31.0 35.6 32.3 33.5 
16-7 X 64-2 1.4 2.7 3.7 4.4 4.3 37.6 35.0 37.3 35.6 
19-6 X 28-2 3.7 3.1 4.3 3.8 4.9 22.6 34.3 24.4 32.5 
19-6 X 37-1 3.6 3.2 4.0 4.0 4.2 23.6 33.5 26.2 32.5 
19-6 X 48-5 3.3 2.9 3.1 4.0 4.2 27.4 31.5 28.7 32.0 
28-2 X 37-1 3.2 3.0 4.5 4.7 3.2 22.4 36.8 26.7 33.3 
28-2 X 48-5 2.8 3.0 3.8 3.7 4.0 28.4 35.3 31.2 31.5 
31-2 X 50-1 3.0 2.6 3.1 3.3 4.8 26.7 34.0 30.2 33.3 
Table 7. (Continued) 
Entry 
Sprir s 
vigor 
5/72 
Ground cover 
Tiller 
density 
5/73 
Height (cm) 
6/71 9/71 5/72 5/71 7/71 5/72 7/72 
31-2 X 64-2 3.1 2.6 3.2 3.6 4.9 33.5 33.5 35.0 33.5 
37-1 X 47-2 4.3 2.5 3.2 2.7 5.3 25.1 36.1 28.7 31.8 
37-1 X 48-5 3.5 3.0 3.2 3.8 3.7 25.6 31.5 28.2 31.8 
47-2 X 48-5 3.8 2.8 3.0 2.5 6.4 30.7 33.0 33.3 29.5 
50-1 X 64-2 1.4 2.5 3.0 4.3 5.2 36.6 35.8 35.6 34.5 
Mean 3.5 2.8 3.7 3.5 4.8 27.7 33.8 29.7 31.2 
Checks 
Vantage Syn. 1 3.3 2.9 3.7 3.3 5.4 28.2 33.5 29.0 31.8 
Vantage Syn. 1 4.4 2.5 3.4 2.8 5.7 27.4 32.5 29.5 30.5 
Vantage Syn. 2 3.7 2.9 3.5 3.4 4.8 25.1 32.5 30.2 29.0 
Vantage Syn. 2 4.1 2.6 3.5 2.8 5.7 29.7 33.0 31.0 29.2 
RC-2 Syn. 1 3.4 2.9 3.9 3.8 5.1 25.1 33.0 29.7 31.8 
RC-2 Syn. 1 4.3 2.9 3.6 3.8 4.6 23.1 32.5 27.4 30.7 
RC-2 Syn. 2 3.8 2.7 3.5 3.2 4.9 24.9 34.0 26.9 28.7 
RC-2 Syn. 2 3.5 2.6 3.6 3.3 4.2 24.6 35.0 28.2 32.2 
loreed 3.8 2.3 3.3 2.9 6.5 29.7 33.3 30.2 30.0 
Rise 3.4 2.0 2.8 3.3 4.3 25.6 31.2 27.9 29.7 
Common 3.4 1.9 3.1 3.8 4.0 26.4 34.3 30.5 30.2 
Mean 3.7 2.6 3.4 3.3 5.0 26.4 33.3 29.2 30.2 
Overall mean 4.2 2.7 3.4 3.2 5.4 26.9 32.2 28.7 30.2 
LSD (.05) 1.2 0.5 0.6 0.8 1.5 3.3 2.3 2.5 2.5 
Table 8. Lattice analyses of variance for spring vigor, ground cover, tiller density, and height 
in the forage yield test 
Source of 
variation 
Spring 
vigor 
df 5/72 
Mean squares 
Ground cover 
6/71 9/71 5/72 
Tiller 
density 
5/73 
Height 
5/71 7/71 5/72 7/72 
Replications 4 13.32 1.69 2.53 1.17 28.05 969.68 219.48 108.90 127.81 
Entries 
(adjusted) 80 12.02** 1.13** 2.40** 3.16** 11.41** 104.97** 53.16** 62.84** 36.52** 
Blocks 
Error 
40 2.73 
CV (%) 
0.55 0.49 0.67 4.04 32.71 8.58 14.45 11.61 
0.84 0.15 0.19 0.35 1.29 6.45 3.35 3.55 3.42 
0.91 0.17 0.21 0.37 1.40 77.10 3.61 3.94 3.74 
22.55 15.29 13.27 19.27 22.07 9.89 5.90 6.88 6.38 
-O 
**Slgnificant at the .01 level. 
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than did the clones, or checks. Clone 16-7 was rated as 
having the most tillers per unit area of all entries and its 
progeny had the most dense stand among progenies. 
Common had a significantly better tiller dei^ity rating than 
loreed and it yielded significantly more, also. A gradual 
decline in stand density was noticed in the progenies during 
the two years of frequent harvesting. 
Additional measurements were taken on the clones and 
crosses at the time of the third harvest in 1972 to study 
associations between certain canopy characteristics and yield. 
Measurements were taken to compute specific leaf weight (SLW), 
leaf weight ratio (LWR). leaf area index (LAI), percentage 
light penetration, and extinction coefficient (k). The com­
puted values should help describe canopy types. Entry means 
for the computed values and pertinent portions of analyses of 
variance are reported in Tables 9 and 10, respectively. Means 
for LWR are not presented because of nonsignificant differ­
ences among entries; however, significant differences among 
entries were found for SLW, LAI, percentage light penetration 
and k. On the average, leaf blade weight made up 64^ of the 
total dry weight at the third harvest. The range in SLW among 
clones was from 2.65 to 3.81 m&/cm and among crosses it was 
from 2.49 to 3*73 m^cm^. Table 11 shows the correlation 
coefficients between canopy traits and yield. High yield was 
associated with low SLW. high LAI, low percentage of light 
penetrating throu^ the canopy, a tall canopy, and good ground 
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Table 9. Entry means for several canopy related traits of the 
clones and two-clone crosses of the 1972 third-
harvest in the forage yield test 
Specific 
leaf Leaf Percentage Extinction 
weight area light coeffi-
Entry (mg/cm2) index penetration cient 
Clones 
2-1 3.30 
6-3 3.40 
12-6 3.68 
14-5 3.04 
15-1 3.19 
16-7 3.42 
19-6 3.38 
28-2 3.08 
31-2 3.10 
37-1 3.81 
47-2 3.34 
48-5 3.67 
50-1 2.65 
64—2 2.68 
Mean 3.27 
Crosses 
2-1 X 14-5 3.15 
2-1 X 16-7 3.39 
2-1 X 31-2 3.25 
2-1 X 50-1 2.55 
2-1 X 64-2 3.08 
6-3 X 12-6 3.03 
6-3 X 15-1 3.14 
6-3 X 16-7 3.16 
6-3 X 19-6 3.14 
6-3 X 28-2 3.20 
6-3 X 37-1 3.23 
6-3 X 47-2 3.73 
6-3 X 48-5 3.12 
12-6 X 19-6 2.87 
12-6 X 28-2 3.06 
12-6 X 37-1 3.25 
12—6 X 48-5 3.37 
14-5 X 16-7 3.00 
14-5 X 31-2 3.32 
14-5 X 50-1 3.13 
3.21 16.9 0.56 
3.08 10.2 0.74 
2.13 21.9 0.72 
3.97 10.3 0.60 
2.98 13.7 0.68 
3.69 10.8 0.62 
3.10 8.4 0.84 
3.68 12.3 0.62 
3.20 16.9 0.59 
2.88 8.0 0.95 
3.38 25.4 0.41 
2.36 13.7 0.87 
4.75 3.6 0.71 
5.11 3.8 0.66 
3.39 12.6 0.68 
3.11 20.3 0.53 
3.60 21.4 0.44 
3.02 10.4 0.78 
4.62 11.2 0.49 
4.06 11.0 0.61 
2.99 23.3 0.53 
3.02 14.3 0.66 
3.64 13.8 0.56 
3.62 10.9 0.63 
4.06 13.9 0.54 
3.42 10.3 0.72 
2.82 18.9 0.62 
3.12 18.8 0.54 
3.35 15.0 0.60 
3.39 22.3 0.45 
3.18 26.2 0.44 
2.85 18.9 0.60 
3.7^ 14.8 0.52 
3.40 17.3 0.56 
3.56 14.1 0.61 
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Table 9» (Continued) 
Entry 
Specific 
leaf 
weight 
(mg/cm^) 
Leaf 
area 
index 
Percentage 
light 
penetration 
Extinction 
coeffi­
cient 
14-5 X 64-2 3.32 4.27 8.2 0.62 
15-1 X 16-7 3.15 3.35 16.9 0.56 
15-1 X 37-1 2.76 3.76 17.3 0.49 
15-1 X 47-2 3.32 2.96 24.3 0.49 
15-1 X 48-5 3.52 2.58 21.8 0.60 
16-7 X 31-2 3.29 3.31 24.0 0.47 
16-7 X 37-1 3.11 3.47 16.0 0.55 
16-7 X 47-2 3.65 2.96 20.8 0.54 
16-7 X 48-5 3.24 3.07 12.1 0.70 
16-7 X 50-1 2.89 4.09 14.1 0.52 
16-7 X 64-2 2.71 5.01 10.2 0.48 
19-6 X 28-2 3.06 4.23 11.6 0.54 
19-6 X 37-1 3.52 3.25 10.7 0.72 
19-6 X 48-5 3.33 3.22 17.3 0.59 
28-2 X 37-1 3.27 3.90 13.8 0.52 
28-2 X 48-5 3.61 2.76 16.9 0.65 
31-2 X 50-1 3.08 3.59 12.0 0.63 
31-2 X 64-2 2.83 4.07 10.1 0.58 
37-1 X 47-2 3.72 2.77 24.5 0.53 
37-1 X 48-5 3.36 2.81 16.9 0.63 
47-2 X 48-5 3.61 2.56 23.2 0.59 
50-1 X 64-2 2.49 5.89 4.5 0.54 
Mean 3.19 3.49 16.1 0.57 
Overall mean 3.21 3.46 15.2 0.60 
LSD (.05) 0.48 0.88 8.5 0.21 
cover. Low specific leaf weight was associated with high LAI, 
tall canopy and a low percentage of light penetrating through 
the canopy. 
The range among entries in LAI was from 2.13 to 5*89. The 
ranges among clones and crosses were 2.98 and 3.33 units, 
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Table 10. Pertinent portions of the analyses of variance for 
five canopy related traits of the clones and 
crosses at 1972 third harvest in the forage yield 
test^ 
Mean squares 
Traits 
Entries 
(df=55) 
Error 
(df=110) 
CV 
(^) 
Specific leaf weight 0.2692** 0.0865 9.16 
Leaf weight ratio 0.0019 0.0015 5.95 
Leaf area index 1.4740** 0.2939 15.66 
Percentage light penetration 94.18** 27.72 34.71 
Extinction coefficient 0.0344** 0.0169 21.67 
®Three replications. 
••Significant at .01 level. 
respectively. Generally, as LAI increased the percentage of 
light that penetrated to the bottom of the canopy decreased. 
Also, high LAI was correlated with a tall canoi^ and good 
ground cover. As a group, the clones intercepted more light 
than the crosses; however, their mean yields were similar. 
The optical properties and spatial arrangement of the foliage 
influence the extinction coefficient; i.e., when the foliage 
lies horizontally it is expected to have a higher k value 
than when the foliage is erect. The k values ranged from a 
low of 0.41 to a high of 0.95» The group means of the clones 
and crosses were 0.68 and 0.57, respectively. Clones and 
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Table 11. Correlation coefficients among canopy traits, 
ground cover, and yield at third cutting of 
forage yield test in 1972 
Trait 2 3 4 5 6 
1. Specific leaf 
weight -0.51** -0.80** 0.#** -0.32* -0.21 
2. Yield, 1972 
cut 3 0.87** -0.59** 0.66** 0.51** 
3. Leaf area 
index -0.62** 0.5^** 0.42** 
4. Light penetration 
{%) -0.48** -0.33* 
5. Height 0.36** 
6. Ground cover 
^Rating taken two weeks before first cutting. 
* and **Significant at .05 and .01 level, respectively. 
crosses averaged the same in height, therefore, the difference 
between groups in extinction coefficient indicates that leaves 
of the clones generally were more horizontal than those of the 
crosses. 
One disadvantage of using a rotary lawn mower to harvest 
plots is the limited amount of forage that it can cut properly. 
The growing points of flowering tillers were near the height 
of the mower blade when that limit was reached at the first 
harvest each year. Growing points in tillers of many earlier 
maturing entries were cut off while those of many later ones 
remained. Growing points which were not cut off grew and 
flowered before the second harvest. Average ratings for 
number of panicles per plot at the second harvest and analyses 
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of variance are reported in Tables 51 and 52. Significant 
differences were found among entries. 
Weeds gradually invaded the plots, especially in 1972. 
Kentucky bluegrass was one of the worst weeds and spread 
rapidly once it got started. Generally, plots with thin reed 
canarygrass stands had the most weeds. Yields were reduced 
as a result of thin stands and weeds. Means of visual esti­
mates of percentage reed canarygrass in the third, fourth, and 
fifth harvests in 1972 are presented in Table 51- It was 
readily apparent that the progenies as a group contained 
a much higher percentage of weeds than the other three groups. 
Also, the amount of weeds increased with time in each of the 
four groups. Table 52 contains the analyses of variance for 
the three different estimates. Mean squares for entries were 
significant at all three cuttings. 
Turning from field measurements to laboratory measure­
ments, Tables 12 and 13 show results for percentage IVDDM in 
the fourth harvest in 1971 and the third harvest in 1972. 
The range in percentage IVDDM was 4.08 percentage units in 
1971 and 4.25 units in 1972. Cross 12-6 x 28-2 was the most 
digestible entry in 1971 with 69.08^ of the dry matter 
digested. Forty-seven other entries were not significantly 
different from 12-6 x 28-2. In 1972, 4l entries were not 
significantly different from the most digestible entry, 
15-1 X 48-5 (70.32^ IVDDM). The 1972 digestibility values 
were higher than those in 1971. Significant mean squares for 
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Table 12. Mean percentage in vitro digestible dry matter 
(IVDDM) in 1971 fourth cutting forage and 1972 
third cutting forage from the forage yield test 
jo IVDDM IVDDM 
Entry 1971 1972 Entry 1971 1972 
Clones Crosses 
2-1 66.24 66.82 2-1 X 14-5 66.63 66.18 
6-3 67.29 69.06 2-1 X 16-7 66.60 67.85 
12-6 67.30 69.82 2-1 X 31-2 65.85 67.59 
14-5 65.00 68.59 2-1 X 50-1 68.60 68.69 
15-1 67.71 67.32 2-1 X 64-2 67.38 67.80 
16-7 65.76 66,16 6-3 X 12-6 67.50 68.42 
19-6 68.01 69.31 6-3 X 15-1 66.33 68.44 
28-2 68.30 67.73 6-3 X 16-7 68.22 68.63 
31-2 67.33 67.30 6—3 X 19-6 68.18 68.77 
37-1 67.89 68.43 6-3 X 28-2 68.83 68.98 
47-2 67.19 67.93 6-3 X 37-1 67.55 68,60 
48-5 68.19 70.16 6-3 X 47-2 66.77 70,06 
50-1 68.23 68.29 6-3 X 48-5 67.42 69,49 
64-2 67.95 70.08 12-6 X 19-6 68.41 69.68 
Mean 67.31 68.36 12-6 X 28-2 12-6 X 37-1 
69.08 
67.47 
68,88 
68,97 
12-6 X 48-5 68.41 69.49 
1 14-5 X 16-7 66.51 68.37 
2-1 
6-3 
12-6 
14-5 
15-1 
16-7 
19-6 
28-2 
31-2 
37-1 
47-2 
48-5 
50-1 
64-2 
65.35 
67.36 
67.73 
66,06 
67.04 
65.40 
67.62 
67.98 
66.41 
66.29 
66.19 
68.19 
68.24 
66.39 
a 14-5 X 31-2 
14-5 X 50-1 
65.74 
68.22 
66.62 
69.35 
14-5 X 64-2 66,75 66.90 
15-1 X 16-7 67.60 67.44 
-
15-1 X 37-1 
15-1 X 47-2 
15-1 X 48-5 
68,32 
67.44 
68.71 
68.13 
66,75 
70,32 
16-7 X 31-2 66.65 66,31 
-
16-7 X 37-1 
16-7 X 47-2 
66.80 
65.80 
68.42 
68.33 
-
16-7 X 48-5 
16-7 X 50-1 
66.63 
67.25 
67.60 
67.86 
-
16-7 X 64-2 
19-6 X 28-2 
19-6 X 37-1 
67.99 
68.96 
69.03 
68,32 
69.01 
68.63 
Mean 66.85 - 19-6 X 48-5 67.42 69.78 
^S^'s were not included in 1972. 
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Table 12. (Continued) 
% lYDDM fo IVDDM 
Entry 1971 1972 Entry 1971 1972 
Checks Crosses 
Vantage 
67.06 
28-2 X 37-1 67.67 67.50 
Syn. 1 68.11 28-2 X 48-5 66.73 68.78 
Vantage 31-2 X 50-1 67.68 67.80 
Syn. 1 67.87 68.57 31-2 X 64-2 66.24 67.18 
Vantage 37-1 X 47-2 67.00 68.10 
Syn. 2 67.82 69.11 37-1 X 48-5 68.25 68.77 
Vantage 
69.65 
47-2 X 48-5 67.34 69.72 
Syn. 2 68.27 50-1 X 64-2 67.62 66.07 
RC-2 
Syn. 1 68.67 69.55 Mean 67.47 68.30 
RC-2 
Syn. 1 66.88 67.55 
RC-2 
Syn. 2 67.72 69.84 
RC-2 
Syn. 2 66.90 69.67 
loreed 67.98 68.78 
Rise 68.95 68.29 
Common 68.39 68.85 
Meaji 67.87 68.91 
Overall 
mean 
LSD (^) 
67.39 
1.77 
68.41 
2.10 
entries in Table I3 indicate true differences among entries 
in digestibility. A breakdown of the 1971 variation among 
entries showed that significant differences existed among 
groups, clones, S^'s, and crosses. The S^'s were significantly 
less digestible than the crosses. In 1972 there were signifi­
cant differences among clones and crosses but not among groups. 
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Table 13. Analyses of variance for percentage in vitro 
digestible dry matter (IVDDM) in 1971 fourth 
cutting forage and 1972 third cutting forage 
from the forage yield test 
Source of 
variation df Mean square 
1221 
Replication 
Entries 
Among groups 
Clones vs. Si's 
Clones vs. crosses 
Crosses vs. 
Among clones 
Among S-j_*s 
Among crosses 
Among checks 
Error 
CV ifo) 2.11 
S^'s 
4 
80 
320 
1 
1 
1 
13 
13 
41 
10 
151.7052 
4.4411** 
11.5809** 
7.5958 
1.2374 
20.1407** 
4.9622** 
4.6313** 
4.1883** 
2.4107 
2.0170 
mr 
Replication 
Entries 
Among groups 
Among clones 
Among crosses 
Among checks 
Error 
CV {%) 2.47 
4 
66 
264 
2 
II 
10 
28.4477 
5.5902** 
8.0963 
7.6082** 
5.5245** 
2.7347 
2.8542 
^Sj^'s were not included. 
**Significant at the .01 level. 
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Combining ability 
A diallel cross analysis was used to calculate general 
and specific combining ability effects in each of the three 
diallel crosses included in this study. Griffing's (1956) 
Method 4, Model I was used because the clones were a selected 
group and only crosses were included in the analyses. The 
P-tests were calculated by using the combining ability mean 
squares and the effective error mean square from the appropri­
ate lattice AOV or the error mean square from the appropriate 
randomized complete block AOV. Lack of significant GCA and 
SCA mean squares for a trait indicates differences among 
crosses were not significant. 
General and specific combining ability mean squares for 
diallel 1 are listed in Table 14. Mean square values for GCA 
were significant for all except seven traits. It can be seen 
also that no SCA mean square was significant. 
Estimates of GCA effects are shown in Table 15 for those 
traits with significant GCA mean squares. Two restrictions 
placed on estimated effects for each trait were that GCA and 
SCA effects each sum to zero. The GCA effects can be used to 
predict the average performance of a clone in hybrid combina­
tions. This can be done by adding the estimated GCA effect 
of a clone to the mean of the diallel (Table 53)• For 
example, to predict the average total yield of clone 15-1 in 
hybrid combinations add -21.6 to 859. This gives 837 which 
is within one standard error (8.3) of the average actual 
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Table 14. General and specific combining ability mean 
squares and appropriate error mean squares for 
diallel 1 in the forage yield test 
Mean squares 
Trait GCA^ (5 df) SCA^ (9 df) Error 
Total yield 24,580.18** 1,632.92 2,610.02 
1971-72 first-cutting 
768.69 yield 9,478.43** 650.77 
Total aftermath 25,382.21** 941.90 1,738.86 
Cut 1, 1971 5,320.00** 537.88 440.40 
Cut 2, 1971 823.68** 66.71 142.31 
Cut 3 .  1971 2,046.56** 99.86 152.92 
Cut 4, 1971 183.04 53.56 62.84 
Aftermath, 1971 4,727.07** 417.58 458.42 
Annual yield, 1971 6,213.81** 689.40 974.79 
Cut 1, 1972 939.94** 90.24 118.87 
Cut 2, 1972 1,863.62** 74.72 187.16 
Cut 3, 1972 606.16** 38.43 112.15 
Cut 4, 1972 144.52 51.23 100.29 
Cut 5. 1972 266.83 79.20 112.84 
Aftermath, 1972 7,880.28** 391.21 806.41 
Annual yield, 1972 8,367.98** 486.93 1,002.29 
Spring vigor, 5/72 8.00** 1.52 0.91 
Ground cover, 6/71 0.07 0.15 0.17 
Ground cover, 9/71 2.59** 0.34 0.21 
Ground cover, 5/72 2.68** 0.54 0.37 
Tiller density, 5/73 8.11** o.Jo 1.40 
Height, 5/71 200.26** 9.10 7.10 
Height, 7/71 24.90** 3.35 3.61 
Height, 5/72 69.68** 2.19 3.94 
Height, 7/72 15.48** 3.29 3.74 
Specific leaf weight 0.44** 0.11 0.09 
Leaf area index 0.85 0.16 0.29 
fo IVDDM, 1971 3.88 2.95 2.02 
95 IVDDM, 1972 6.15 4.10 2.85 
^General combining ability in this and all subsequent 
tables. 
^Specific combining ability in this and all subsequent 
tables. 
••Significant at the .01 level. 
Table 15» Estimates of general combining ability effects for clones in diallel 1 in 
the forage yield test 
Clones 
Trait 
Total yield 
1971-72 first-cutting 
yield 
Total aftermath 
Cut 1, 1971 
Cut 2, 1971 
Cut 3» 1971 
Aftermath, 1971 
Annual yield, 1971 
Cut 1, 1972 
Cut 2, 1972 
Cut 3. 1972 
Aftermath, 1972 
Annual yield, 1972 
Spring vigor, 5/72 
Ground cover, 9/71 
Ground cover, 5/72 
Tiller density, 5/73 
Height, 5/71 
Height. 7/71 
Height, 5/72 
Height, 7/72 
Specific leaf weight 
6-3 15-1 16-7 37-1 47-2 48-5 SE^ 
50.392 -21.583 31.792 3.717 -27.3O8 -37.008 8.248 
13.142 -20.883 23.842 -30.783 -0.933 15.617 5.659 
39.783 -3.717 11.183 32.908 -27.267 -52.892 6.265 
4.808 
-11.392 21,633 -24.492 . -0.967 10.408 4.734 
7.392 1.867 -1.658 6.617 -6.783 -7.433 1.667 
7.925 -5.450 4.550 3.675 7.450 -18.150 2.040 
14.708 -2.942 3.308 15.283 -3.967 -26.392 4.171 
19.817 -13.033 24.617 -9.708 -5.583 -16.108 5.360 
8.125 
-9.775 2.025 -6.200 0.275 5.550 1.939 
7.158 2.308 -3.717 14.083 -10.417 -9.417 1.764 
3.383 -0.142 8.508 -0.117 -5.842 -5.792 1.265 
21.892 -0.108 5.117 19.517 -21.408 -25.008 4.037 
30.208 -9.442 7.233 13.408 -21.367 -20.042 4.504 
-0.400 0.800 
-0.325 0.200 0.575 -0.850 0.251 
0.633 0.008 0.058 -0.042 -0.442 -0.217 0.118 
0.300 -0.300 0.125 0.200 -0.600 0.275 0.150 
-0.942 O.508 -0.242 -1.117 I.6O8 0.183 0.229 
-1.651 -0.508 2.540 -5.271 1.778 3.112 0.615 
-0.952 0.190 0.444 1.206 0.826 -1.714 0.376 
0.084 
-0.677 0.148 
-3.154 1.291 2.307 0.300 
-1.312 0.339 0.529 0.973 -0.868 0.339 0.368 
-0.057 -0.179 -0.074 -0.107 0.356 0.061 0.088 
Standard error of a GCA effect. 
60 
yield (842 g) of clone 15-1 in hybrid combinations. Large 
positive effects are desired in all instances except for 
spring vigor and tiller density. Because of the rating sys­
tem used for those traits, a large negative effect indicates 
good vigor and a dense stand. Further examination of Table 
15 shows that 6-3 and 16-7 were the best clones in general 
combining ability for total yield while 48-5 and 47-2 were 
the poorest. Clone 48-5 had positive GCA effects for first 
harvest yieldj however, its GCA effects for other yield mea­
surements or combinations were negative. Associated with its 
positive first-cutting GCA effects were the best GCA effects 
for spring vigor and May height among clones in diallel 1. 
The GCA effects of 6-3 indicate that dense stand and short 
leaf canopy were transmitted to its progeny. Its high positive 
GCA effects for yield, therefore, appear to be related to 
dense rather than tall stands. The two clones with the 
poorest GCA effects for total yield had positive effects for 
specific leaf weight while the other four clones had negative 
effects. 
Unlike diallel 1, some significant SCA mean squares were 
obtained in the analysis of diallel 2 (Table 16). Specific 
combining ability mean squares were significant for third-
cutting, aftermath, and annual yield in 1971; and for 1972 
second-cutting yield and May ground cover rating. 
Diallel 2 estimates of GCA effects for those traits for 
which only GCA was significant are summarized in Table 17. 
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Table l6. General and specific combining ability mean squares 
and appropriate error mean squares for diallel 2 
in the forage yield test 
Mean squares 
Trait GCA (5 df) SCA (9 df) Error 
Total yield 
1971-72 first-cutting 
yield 
Total aftermath 
Cut 1, 1971 
Cut 2, 1971 
Cut 3, 1971 
Cut 4, 1971 
Aftermath, 1971 
Annual yield, 1971 
Cut 1, 1972 
Cut 2, 1972 
Cut 3, 1972 
Cut k, 1972 
Cut 5. 1972 
Aftermath, 1972 
Annual yield, 1972 
Spring vigor, 5/72 
Ground cover, 0/7I 
Ground cover, 9/71 
Ground cover, 5/72 
Tiller density, 5/73 
Height, 5/71 
Height, 7/71 
Height, 5/72 
Height, 7/72 
Specific leaf weight 
Leaf area index 
% IVDDM, 1971 
fc IVDDM, 1972 
43,492.74** 3.988.03 2,610.02 
10,013.63** 1,168.64 650.77 
49,660.50** 1,737.43 1,738.86 
4,697.26** 533.71 440.40 
1,988.92** 156.62 142.31 
3,174.83** 294.18* 152.92 
558.96** 77.91 62.84 
11,311.41** 926.10* 458.42 
8,560.24** 1,879.31* 974.79 
1,225.10** 220.74 118.87 
1,289.58** 445.34* 187.16 
1,183.84** 151.21 112.15 
745.59** 69.21 100.29 
719.98** 69.25 112.84 
14,383.97** 775.44 806.41 
14,285.36** 1,300.92 1,002.29 
5.67** 1.01 0.91 
0.17 0.07 0.17 
4.02** 0.13 0.21 
3.31** 1.22** 0.37 
3.61 0.39 1.40 
104.25** 3.74 7.10 
41.03** 6.06 3.61 
75.61** 6.00 3.94 
34.06** 2.13 3.74 
0.18 0.07 0.09 
1.28** 0.22 0.29 
2.30 2.80 2.02 
3.00 0.83 2.85 
* and **Significant at .05 and .01 levels, respectively. 
Table 1?. Estimates of general combining ability effects for clones in diallel 2 
in the forage yield test 
Clones 
Trait 6-3 12-6 19-6 28-2 37-1 48-5 SE^ 
Total yield 21.000 
-54.725 -11.025 71.725 16.575 -43.550 12.891 
1971-72 first-cutting 
7.667 6.978 yield -32.800 -9.833 -0.158 -0.458 35.642 
Total aftermath 12.517 -22.208 -1.233 72.367 17.442 -78.883 8.508 
Cut 1, 1971 4.100 -23.125 -1.750 -2.500 -1.450 24.725 4.716 
Cut 2, 1971 -0.267 6.658 0.158 7.833 4.808 -19.192 2.555 
Cut 4, 1971 
-7.133 -1.958 1.692 8.217 2.267 -3.083 1.802 
Cut 1, 1972 3.050 -9.750 -8.300 2.325 1.475 11.200 3.033 
Cut 3, 1972 -0.742 
-9.317 6.408 9.233 2.983 -8.567 2.510 
Cut 4, 1972 2.225 0.575 -1.225 10.225 -4.250 -7.550 1.698 
Cut 5. 1972 2.983 -4.717 0.658 8.283 1.583 -8.792 1.699 
Aftermath, 1972 11.983 -16.167 0.908 39.133 4.608 -40.467 5.684 
Annual yield, 1972 15.450 -25.775 -7.225 41.350 5.750 -29.550 7.362 
Spring vigor, 5/72 0.250 0.700 0.350 -0.525 -0.100 -0.675 0.205 
Ground cover, 9/71 0.333 0.108 -0.017 0.458 -0.067 -O.8I7 0.073 
Height, 5/71 -0.254 -0.064 0.127 -0.190 -1.270 4.191 0.394 
Height, 7/71 -0.318 -1.206 —0.889 2.159 1.397 -1.143 0.503 
Height, 5/72 0. 868 
-1.799 -1.608 -0.021 -0.847 3.407 0.498 
Height, 7/72 -1.206 -2.032 1.143 0.571 1. 016 0.508 0.300 
Leaf area index 0.123 -0.239 0.238 0.405 -0.039 -0.489 0.123 
^Standard error of a GCA effect. 
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Clone 28-2 was the strongest contributor to leaves per unit 
area of land (leaf area index) and ground cover, both of which 
contributed to its high GCA effect for yield. It is readily 
apparent that 12-6 was poor in GCA for forage yield, height, 
and leaf area index. Likewise, 48-5 also had negative GCA 
effects for most traits as it did in diallel 1; however, its 
negative spring vigor effect indicates good vigor because of 
the rating system used. Its positive effects for height in 
May and first-cutting yields were related to its good spring 
vigor. 
The GCA and SCA effects for traits in diallel 2 for which 
both GCA and SCA mean squares were significant are found in 
Tables 18, 19, and 20. Clone 28-2 had the highest GCA effect 
for all five traits. The SCA effects represent deviations 
of a specific two-clone cross from the GCA effects of the 
parent clones. An illustration will clarify this point. Take, 
for example, 6-3 x 12-6 in Table 18 which had a mesin annual 
yield of 383 g in 1971 (Table 47). To estimate that yield, add 
the 1971 average annual yield of the 15 crosses in diallel 2 
(408 g, Table 53) to the estimated GCA effects of both parents, 
4.783 and -29.217 (Table 18), and add the SCA effect of the 
cross itself (-O.9OO). The sum is 383 g. Large SCA effects, 
whether positive or negative, indicate nonadditive gene action. 
One additional point of explanation is that SCA effects do 
not give an indication of the performance of the crosses rela­
tive to one another. To determine that, an examination of 
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Table 18. Diallel 2 estimates of general and specific com­
bining ability effects for 1971 annual yield in 
the foràge yield test 
SCA effects GCA 
effects Clone 12-6 19-6 28-2 37-1 48-5 
6-3 -0.900 1.475 -20.050 -6.075 25.550 4.783 
12-6 
-19.325 -4.250 15.425 9.050 -29.217 
19-6 12.825 16.900 -11.875 -3.992 
28-2 3.975 7.500 30.533 
37-1 -30.225 11.458 
48-5 
-13.567 
8.849 Standard error of a GCA effect 
32.050 Standard error of a SCA effect 
the means themselves is recommended. 
A closer examination of the estimated SCA effects in 
Table 18 shows that the two-clone crosses 6-3 % 48-5» 19-6 x 
37-1, and 12-6 x 37-1 produced more forage in 1971 than would 
be expected on the basis of average performance of the parent 
clones in hybrid combinations. In contrast, the yields of 
crosses 37-1 x 48-5. 6-3 x 28-2, and 12-6 x 19-6 were less 
than expected as indicated by their large negative SCA effects. 
The estimated SCA values for 6-3 x 12-6 and 6-3 x 19-6 indi­
cate that those two crosses performed similarly to what was 
expected on the basis of the GCA effects of their respective 
Table 19. Diallel 2 estimates of general and specific combining ability effects 
for 1971 aftermath (above diagonal) and 1971 cut 3 (below diagonal) in 
the forage yield test 
SGA effects 
Clone . 6-3 12-6 19-6 28-2 37-1 48-5 
GCA 
effects 
6-3 2.605 2.505 -12.870 -0.720 8.480 0.125 
12-6 
-0.665 -16.320 -10.395 7.955 16.155 -6.050 
19-6 2.485 -12.790 14.905 3.355 -4.445 -1.850 
28-2 
-3.790 -2.665 6.585 8.980 -0.620 33.425 
37-1 -2.690 9.435 2.285 1.810 -19.570 13.075 
48-5 4.660 6.685 1.435 -1.940 -10.840 -38.725 
GCA effects 7.192 -10.733 -3.583 17.492 6.092 -16.458 
6.212 Standard error of a GCA effect for 1971 aftermath 
36.842 Standard error of a SCA effect for 1971 aftermath 
3.501 Standard error of a GCA effect for 1971 cut 3 
19.519 Standard error of a SCA effect for 1971 cut 3 
Table 20. Diallel 2 estimates of general and specific combining ability effects for 
1972 cut 2 (above diagonal) and 1972 ground cover (below diagonal) in the 
forage yield test 
Clone 
SGA effects GCA 
effects 6-3 12-6 19-6 28-2 37-1 48-5 
6-3 4.520 1.720 2.145 -1.180 -7.205 5.550 
12-6 -0.270 4.720 10.045 -11.780 
-7.505 -2.750 
19-6 -0.120 -0.520 -16.555 2.220 7.895 -5.950 
28-2 -0.170 0.830 -0.120 4.145 0.220 9.725 
37-1 0.080 -0.020 0.230 0.080 6.595 4.850 
48-5 0.480 -0.020 0.530 -0.620 -0.370 -11.425 
GCA effects -0.258 -0.458 -O.3O8 0.542 0.392 0.092 
4.308 Standard error of a GCA effect for cut 2 
12.440 Standard error of a SGA effect for cut 2 
0.225 Standard error of a GCA effect for ground cover 
0.630 Standard error of a SGA effect for ground cover 
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parent clones. 
The estimated SCA effect of 12-6 x 48-5 for 1971 after­
math in Table 19 indicates that this cross performed better 
than would be expected on the basis of the average performance 
of 12-6 and 48-^ in hybrid combinations. Conversely, 37-1 x 
48-5 produced less aftermath forage than was expected. Table 
19 also shows that for third-cutting yield in 1971 the five 
crosses involving 6-3 deviated veiy little from their expected 
performance based on average performance of the parent clones 
in hybrid combinations. That was also true for their per­
formance at the 1972 second cutting (Table 20), 
Table 20 suLso shows estimated SCA effects for ground cover 
in 1972. The cross with the highest positive SCA effect was 
12-6 X 28-2. The reason for that can be seen by examining the 
individual ground cover ratings of the crosses in which 12-6 
and 26-2 were parents. The consecutive cross means for 12-6, 
starting with 6-3 x 12-6, were as follows» 2.7, 2.4, 4.6, 
3.6, and 3-3» "while those of 28-2 were 3,8, 4.6, 3.8, 4.7, 
and 3.7. The value 4.6 in both lists is for 12-6 x 28-2. 
Notice, especially among the 12-6 means, how this particular 
cross was superior in ground cover. This was also the highest 
yielding cross involving clone 12-6. 
It was assumed that diallel 3 would show more instances 
of significant specific combining ability than either diallel 
1 or 2 because the six parent clones were chosen on the basis 
of high general combining ability for forage production. 
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However, SCA mean squares were significant for only two traits, 
1971-72 first-cutting yield and 1972 aftermath (Table 21). 
General combining ability mean squares were significant for 
all traits except percentage IVDDM and fourth-cutting yield 
in 1972 and tiller density in 1973. 
The estimates of GCA effects for those traits for which 
only GCA mean squares were significant are found in Table 22. 
A striking feature of this table is the number of positive 
GCA effects for 64-2. Clone 14-5 also had high positive GCA 
effects for yield while those of 2-1 and 31-2 were usually 
negative. All crosses of 64-2 and most of those involving 
14-5 were among the highest yielding crosses in the experiment. 
The three GCA values of 50-1 for ground cover were negative 
while most of its GCA values for yield were positive. General 
combining ability values for third-cutting yield in 1972 and 
specific leaf weight were opposite in sign for five of the six 
clones. Values for third-cutting yield and leaf area index 
were similar in sign for the same five clones. 
Table 23 contains GCA and SCA effects for 1971-72 first-
cutting yield and aftermath. Clones 64-2 and 14-5 had the 
highest GCA effects for 1971-72 first-cutting yield and for 
1972 aftermath, respectively. The large positive GCA effect 
(61.384) for 64-2 indicates that its progenies were excellent, 
on the average, in forage production early in each growing 
season. Its progenies were not as good for aftermath produc­
tion (-4.558). The sign of SCA effects of crosses involving 
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Table 21. General and specific combining ability mean squares 
and appropriate error mean squares for diallel 3 in 
the forage yield test 
Mean squares 
Trait GCA (5 df) SCA (9 df) Error 
Total yield 50,263.97** 881.19 2,610.02 
1971-72 first-cutting 
650,77 yield 22,710.81** 4,870,30** 
Total aftermath 18,954.88** 465.44 1,738.86 
Cut 1, 1971 6,349.23** 132,60 440.40 
Cut 2, 1971 1,970.97** 60.74 142.31 
Cut 3, 1971 3,983.50** 159.81 152.92 
Cut 4, 1971 523.50** 54.74 62.84 
Aftermath, 1971 7,467.51** 247.46 458.42 
Annual yield, 1971 17,307.98** 209.44 974.79 
Cut 1, 1972 2,563.29** 104.91 118.87 
Out 2, 1972 1,079.93** 95.10 187.16 
Cut 3. 1972 1,853.25** 84.11 112.15 
Cut 4, 1972 312.24 25.02 100,29 
Cut 5, 1972 402.28** 100.61 112,84 
Aftermath, 1972 
Annual yield, 1972 
6,053.96** 3,302.78** 806,41 
9,574.71** 700.23 1,022.29 
Spring vigor, 5/72 9.76** 1.13 0,91 
Ground cover, 6/71 0.86** 0.23 0,17 
Ground cover, 9/71 1.80** 0.38 0.21 
Ground cover, 5/72 
Tiller density, 5/73 
2.44** 0.27 0.37 
1.88 0.74 1.40 
Height, 5/71 255.35** 2,13 7.10 
Height, 7/71 27.35** 2,84 3.61 
Height, 5/72 116.84** 2.32 3.94 
Height, 7/72 38.58** 4,00 3.74 
Specific leaf weight 0.39** 0.16 0.09 
Leaf area index 4.01** 0.51 0.29 
% IVDDM, 1971 7.28** 1.66 2.02 
IVDDM, 1972 3.10 5.58 2.85 
••Significant at the .01 level, 
Table 22. Estimates of general combining ability effects for clones in diallel 3 
in the forage yield test 
Clones 
Trait 2-1 14-5 16-7 31-2 50-1 64-2 SE^ 
Total yield -50.608 35.417 8.167 -66.508 8.867 64.667 6.059 
Total aftermath -29.808 39.742 -16.033 -34.458 18.892 21.666 4.404 
Cut 1, 1971 -8.842 -3.942 18.283 -21.967 -8.217 24.683 2.351 
Cut 2, 1971 -I.5O8 16.142 
-3.933 -2.083 4.992 -13.608 1.591 
Cut 3, 1971 -8.475 3.400 1.075 -22.225 7.050 19.175 2.581 
Cut 4, 1971 
-3.675 6.475 -7.500 0.500 -0.150 4.530 1.510 
Aftermath, 1971 
Annual yield, 1971 
-12.775 27.000 -9.675 -25.525 12.675 8.300 3.211 
-21.492 22.783 6.758 -46.017 3.783 34.183 2.954 
Cut 1, 1972 -12.517 -0.392 6.033 -10.567 -0.867 18.308 2.091 
Cut 2, 1972 -0.250 12.875 -2.725 2.050 -2.725 -9.225 1.991 
Cut 3. 1972 -6.842 -0.967 0.758 -12.117 3.083 16.083 1.872 
Cut 5, 1972 
-5.550 -1.025 -4.875 4.700 3.175 3.575 2.047 
Annual yield, 1972 -29.008 12.692 1.217 -20.833 5.517 30.417 5.402 
Spring vigor, 5/72 0.925 0.250 -0.350 0.450 -0.200 -1.075 0.217 
Ground cover, 6/71 0.042 0.067 0.117 0.167 -0.408 0.017 0.098 
Ground cover, 9/71 0.333 
-0.400 
-0.217 0.108 0.283 -0.442 -0.067 0.126 
Ground cover, 5/72 
Height, 5/71 
0.100 0.125 -0.350 -0.025 0.550 0.105 
-1.482 -0.783 0.550 -3.767 -1.227 6.711 0.300 
Height, 7/71 -1.080 1.143 0.190 -1.778 0.762 0.762 0.345 
Height, 5/72 -1.926 -1.482 0.614 -1.672 -0.020 4.487 0.310 
Height, 7/72 -1.651 -O.5O8 0.381 -1.016 O.5O8 2.286 0.409 
Specific leaf weight 0.065 0.190 0.030 0.152 -0.255 -0.182 0.105 
Leaf area index -0.342 -0.425 -0.075 -0.598 0.492 0.880 0.188 
fo iwm, 1971 -0.044 
-0.347 -0.059 -0.769 1.033 0.186 0.263 
^Standard error of a GCA effect. 
Table 23. Diallel 3 estimates of general and specific combining ability effects for 
I97I-72 first-cutting yield (above diagonal) and 1972 aftermath (below 
diagonal) in the forage yield test 
SCA effects GCA 
Clone 2-1 14-5 16-7 31-2 50-1 64-2 effects 
2-1 5.605 19.205 -15.495 11.255 -20.570 -30.767 
14-5 -14.810 0.430 -11.370 17.280 -11.945 -13.492 
16-7 -12.310 -9.810 -23.870 16.680 -12.445 I5.5O8 
31-2 9.115 28.315 6.015 -19.702 70.455 -14.292 
50-1 2.115 -9.085 -11.685 12.140 -25.495 -18.341 
64-2 15.890 5.390 27.790 -55.585 6.515 61.384 
GCA effects -8.258 21.441 3.342 -26.983 15.017 -4.558 
1^.2^5 Standard error of a GCA effect for combined first cuts 
52.204 Standard error of a SCA effect for combined first cuts 
11.731 Standard error of a GCA effect for 1972 aftermath 
26.953 Standard error of a SCA effect for 1972 aftermath 
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64-2 were opposite for the two traits. Cross 31-2 x 64-2 
produced more forage at 1971-72 first-cutting and less after­
math in 1972 than expected as indicated by the large 3CA 
effects. 
A summary table was prepared to show which clone in each 
diallel had the best GCA effect for each trait (Table 24). 
Clones which dominate the lists are 6-3 in diallel 1, 28-2 in 
diallel 2, and 14-5 and 64-2 in diallel 3« 
Heterosis and inbreeding depression 
Heterosis and inbreeding depression values were determined 
from total yield in 1971-72. Percentages of heterosis relative 
to the midparent value are listed in Table 25. The midparent 
value is the average yield of the two parents of a specific 
cross. The ranges among crosses in heterosis were 10.1, 19.3, 
and 17,1 percentage units in diallels 1, 2, and 3, respectively. 
The yield of 10 of 15 crosses in diallel 1 was greater than 
the midparent value, with the best one being 7-1% higher. 
In general, crosses in diallel 2 exhibited greater 
heterosis than those in diallel 1. Fourteen of the 15 crosses 
exceeded the midparent value. Caution should be exercised in 
relating heterosis values to actual performance because a low 
yielding cross can show a high percentage of heterosis and a 
high yielding cross may show little heterosis. Crosses in­
volving 12-6 illustrate this point. The five crosses with the 
greatest heterosis were progenies of 12-6 but they also were 
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Table 24. Clones with the best estimated general combining 
ability effects in the forage yield test 
Trait 
Total yield 
1971-72 first-cutting yield 
Total aftermath 
Cut 1, 1971 
Cut 2, 1971 
Cut 3, 1971 
Cut 4, 1971 
Aftermath, 1971 
Annual yield, 1971 
Cut 1, 1972 
Cut 2, 1972 
Cut 3, 1972 
Cut 4, 1972 
Cut 5. 1972 
Aftermath; 1972 
Annual yield, 1972 
Spring vigor, 5/72 
Ground cover, 6/7I 
Ground cover, 9%71 
Ground cover, y72 
Tiller density, 5/73 
Height, 5/71 
Height, 7/71 
Height, 5/72 
Height, 7/72 
Specific leaf weight 
Leaf area index 
fo IVDDM, 1971 
fo IVDDM, 1972 
Diallel 
1% 2» 3^ 
6-3 28-2 64-2 
16-7 48-5 64-2 
6-3 28-2 14-5 
16-7 48-2 64-2 
6-3 28-2 14-5 
6-3, 28-2 64-2 
_ d 28-2 14-5 
37-1 28-2 14-5 
16-7 28-2 64-2 
6-3 48-5 64-2 
37-1 28-2 14-5 
16-7 28-2 64—2 
28-2 -
- 28-2 31-2 
6-3 28-2 14-5 
6-3 28-2 64-2 
48-5 48-5 64-2 
- - 31-2 
6-3 28-2 2-1 
6-3 28-2 64—2 
37-1 - -
48-5 48-5 64-2 
37-1 28-2 14-5 
47-2 48-5 64-2 
37-1 19-6 64-2 
47-2 - 14-5 
— 28-2 64-2 
- - 50-1 
^Includes clones 6-3, 15-I, 16-7, 37-1. 47-2, and 48-5. 
^Includes clones 6-3, 12-6, I9-6, 28-2, 37-1, and 48-5 
^Includes clones 2-1, 14-5, 16-7, 31-2, 50-I, and 64-2, 
"^No significant differences among the 15 clones. 
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Table 25. Heterosis for total forage yield, expressed in 
percentage of the midparent value, in the forage 
yield test 
Diallel 1 fc Diallel 2 I0 Diallel 3 I0 
6-3 X 15-1 6.1 6-3 X 12-6 14.1 2-1 X 14-5 1.3 
6-3 X 16-7 4.1 6-3 X 19-6 3.1 2-1 X 16-7 8.5 
6-3 X 37-1 2.8 6-3 X 28-2 2.5 2-1 X 31-2 7.1 
6-3 X 47-2 2.9 6-3 X 37-1 2.8 2-1 X 50-1 5.9 
6-3 X 48-5 7.1 6-3 X 48-5 7.1 2-1 X 64-2 17.3 
15-1 X 16-7 -0.4 12-6 X 19-6 8.2 14-5 X 16-7 1.6 
15-1 X 37-1 —0.8 12-6 X 28-2 16.4 14-5 X 31-2 4.7 
15-1 X 47-2 0.7 12-6 X 37-1 12.1 14-5 X 50-1 0.2 
15-1 X 48-5 3.1 12-6 X 48-5 15.6 14-5 X 64-2 9.8 
16-7 X 37-1 2.2 19-6 X 28-2 3.3 16-7 X 31-2 4.8 
16-7 X 4?-2 0.1 19-6 X 37-1 6.9 16-7 X 50-1 4.3 
16-7 X 48-5 5.5 19-6 X 48-5 1.9 16-7 X 64-2 16.2 
37-1 X 47-2 -2.1 28-2 X 37-1 6.0 31-2 X 50-1 2.5 
37-1 X 48-5 -2 « 9 28-2 X 48-5 6.5 31-2 X 64-2 16.6 
47-2 X 48-5 
-3.1 37-1 X 48-5 -2.9 50-1 X 64-2 11.2 
Mean 1.7 6.9 7.5 
Percentage heterosis = ^^°midparen?^^"^ * 100. 
among the nine lowest yielding crosses iii diallel 2. For 
example, cross 12-6 x 28-2 had the highest heterosis value 
but ranked seventh in yield among the 15 crosses. Another 
cross, 12-6 X 48-5, was the second lowest yielding cross and 
yet exhibited the second highest percentage heterosis. 
Table 25 shows that all 15 crosses in diallel 3 performed 
better than the mean of their respective parents. It should 
be remembered that the six clones in this diallel were se­
lected for high general combining ability for forage yield. 
The five crosses which showed the greatest heterosis had 64-2 
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as a parent. The mean heterosis in diallel 3 was only 
slightly higher than in diallel 2, However, the average 
yield of the crosses in diallel 3 was 58 g of dry matter per 
plot higher than those in diallel 2. It appears that both 
heterosis and good general combining ability are important in 
obtaining high yielding two-clone crosses. 
Heterosis is of no value unless the yield is sufficiently 
greater than that of existing commercial cultivars to justify 
the additional expense of producing hybrids commercially. 
Table 26 shows the mean forage yield of the crosses in each 
diallel expressed as a percentage of Common, the highest 
yielding check strain. Only one cross in both diallels 1 and 
2 yielded sufficiently more than Common to consider it for 
further «valuation. However, in diallel 3, 14-5 x 64-2 and 
16-7 X 64-2 yielded, respectively, 12.3 and 10.8# more than 
Common. In addition, 14-5 x 64-2 exceeded Ioreed and Rise by 
22.7# and 21.2#, respectively. The economics of seed produc­
tion would determine whether this increased yield was suffi­
cient to justify producing two-clone hybrid cultivars for 
commercial use. 
Percentages of inbreeding depression for total forage 
yield are presented in Table 27. Percentage inbreeding de­
pression was not related to the yield of the clones (r=0.05). 
The correlation between percentage inbreeding depression and 
average yield of the crosses was 0,24. This indicates that 
under the conditions of this experiment the average yield of 
Table 26. Mean total forage yield of the two-clone crosses and of the five crosses 
involving each clone in each diallel expressed in percentage of the yield 
of Common in the forage yield test 
Diallel 1 Diallel 2 Diallel 3 
Individual Individual Individual 
f crosses crosses crosses 
6-3 X 15-1 97.4 6-3 X 12-6 92.5 2-1 X 14-5 98.6 
6-3 X 16-7 100.7 6-3 X 19-6 96.9 2-1 X 16-7 98.2 
6-3 X 37-1 99.3 6-3 X 28-2 102.7 2-1 X 31-2 88.7 
6-3 X 47-2 96.1 6-3 X 37-1 99.3 2-1 X 50-1 98.6 
6—3 X 48—5 96.2 6-3 X 48-5 96.2 2-1 X 64-2 103.7 
15-1 X 16-7 92.0 12-6 X 19-6 85.3 14-5 X 16-7 106.0 
15-1 X 37-1 91.4 12-6 X 28-2 99.1 14-5 X 31-2 101.2 
15-1 X 47-2 89.6 12-6 X 37-1 91.3 14-5 X 50-1 107.2 
15-1 X 48-5 88.0 12-6 X 48-5 86.4 14^5 X 64-2 112.3 
16-7 X 37-1 99.3 19r6 X 28-2 101.3 16-7 X 31-2 94.0 
16-7 X 47-2 94.0 19-6 X 37-1 100.9 16-7 X 50-1 104.3 
16-7 X 48-5 95.4 19-6 X 48-5 89.2 16-7 X 64-2 110.8 
37-1 X 47-2 91.8 28-2 X 37-1 106.6 31-2 X 50-1 94.7 
37-1 X 48-5 87.6 28-2 X 48-5 99.9 31-2 X 64-2 102.2 
47-2 X 48-5 84.3 37-1 X 48-5 87.6 50-1 X 64-2 108.9 
Common parent Common parent Common parent 
of five crosses of five crosses of five crosses 
6-3 97.9 6-3, 97.5 2-1 97.6 
15-1 91.7 12-6 90.9 14-5 105.0 
16-7 96.3 19-6 94.7 16-7 102.7 
37-1 93.9 28 -2 101.9 31-2 96.2 
47-2 91.1 37-1 97.1 50-1 102.7 
48-5 90.3 48-5 91.9 64-2 107.6 
Mean 93.6 95.7 102.0 
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Table 27. Mean total forage yield of crosses involving each 
clone, expressed both in grams per plot and in 
percentage of parent clone, and inbreeding de­
pression of S^'s in the forage yield test 
Clone 
Inbreeding 
depression®-
(90 
Mean total 
yield of 
crosses 
(g/plot) 
Mean of 
crosses 
in $ of 
parent 
64-2 43.9 988 115.4 
15-1 41.0 842 105.0 
2-1 32.7 896 116.8 
4-7-2 28.2 838 100.7 
14-5 26.2 965 94.5 
50-1 24.1 944 100.1 
31-2 23.2 883 117.1 
19-6 21.0 870 103.2 
48-5^ 20.5 837 109.1 
6-3^ 19.6 898 101.6 
16-7^ 18.4 914 102.1 
37-1^. 15.4 877 98.6 
28-2 13.1 936 97.7 
12-6 10.8 835 137.9 
Mean 24.2 895 107.1 
Percentage inbreeding depression = 
S-, yield 
" Clone yield * 
^Crosses are averaged over diallels. 
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the crosses was not significantly correlated with the percent­
age inbreeding depression of the respective clones. It is of 
interest, however, that the highest yielding crosses involved 
the clone with the greatest inbreeding depression and the 
lowest yielding crosses involved the clone with the least 
inbreeding depression. 
Correlations 
Clonal yield was correlated positively with both yield 
and the mean yield of crosses involving a clone (r=0.71 and 
0.69 (P<.01), respectively). The correlation between yields 
of Sj^'s and crosses was not as close (r=0.33)« 
Phenotypic correlation coefficients were computed among 
yield combinations and associated traits using data from all 
entries as well as from each group of entries. Correlations 
among yield combinations are summarized in Table 28. Corre­
lations for all entries were often higher than those within 
each group. The two annual yields and total aftermath were 
more closely correlated with total yield than was 1971-72 
first-cutting yield. Yield in 1971 was closely correlated 
with that in 1972 in all comparisons except among the checks. 
Correlations between aftermath production and annual yield were 
higher both years than those between first-cutting and annual 
yields with the exception of crosses in 1971. Within groups, 
first-cutting yield usually was not correlated with aftermath 
yield. The exception was a significant positive correlation 
Table 28. Correlation coefficients between yield combinations of all entries, 
parent clones, S^'s, crosses, and checks in the forage yield test 
All Parent S^'s entries clones Crosses Checks 
Traits compared (75 df) (12 df) (12 df) (40 df) (5 df) 
Total yield with; 
1971 annual yield .97** .97** .94** .94** .74 
1972 annual yield .97** .95** .97** .93** .78* 
1971-72 first-cutting yield .78*» .63* .78** .56** .31 
Total aftermath 
.95** .92** .97** .80** .89** 
1971 annual yield with 
1972 annual yield .90** .85** .83** .74** .71 
1971 cut 1 with 1972 cut 1 .81** .76** .56* .81** .43 
1971 aftermath with 1972 aftermath ,92** .91** .84** .84** .59 
1971 annual yield with; 
1971 cut 1 .78** .73** .67** .69** -.15 
1971 aftermath .88** .85** .90** .63** .88** 
1971 cut 1 with 1971 aftermath .40** .26 .28 -.12 -. 54 
1972 annual yield with; 
1972 cut 1 .82** .49 .89** .48** .01 
1972 aftermath .98** .97** .99** .93** .89** 
1972 cut 1 with 1972 aftermath .70** .27 .81** .12 .00 
• and **Significant at .05 and .01 levels, respectively. 
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of 0.81 between first-harvest and aftermath yields of S^'s 
in 1972. 
Correlations of yield with spring vigor, height, and 
ground cover are presented in Table 29. The spring vigor 
ratings were more closely correlated with first harvest and 
annual yield than with aftermath yield, especially for the 
clones and crosses. Correlation coefficients involving yield 
with height and ground cover show that height and yield were 
much more closely associated than ground cover and yield. 
This was especially true in 1971. However, correlations be­
tween ground cover and yield increased with time. As a 
result, correlations over all entries of ground cover and 
height with yield were nearly equal in 1972. 
Correlations between yield and percentage IVDDM were 
small and inconsistent (r=0.15 in 1971 and -0.29 (P<.05) in 
1972). Thus, in 1972 high yielding entries tended to be low 
in digestibility. Correlations between 1971 and 1972 per­
centages of IVDDM were significant only for the crosses. 
Space-Planted Test 
General analyses 
The main purpose of the space-planted test was to deter­
mine the relative maturity of entries included in the forage 
yield test. Entry means and analyses of variance are pre­
sented, respectively, in Tables 30 and 3I for heading date. 
The range among all entries in heading date was 8.8 days in 
Table 29. Correlation coefficients of yield with spring vigor, height, and ground 
cover; and between 1971 and 1972 percentage lYDIM 
All Parent C * e» 
entries clones S Crosses Checks 
Traits compared (75 df) (12 df) (12 df) (40 df) (5 df) 
May 1972 spring vigor rating^ with: 
.22 1972 cut 1 -.90** -.70** -.90** -.84** 
1972 aftermath 
-.77** -.40 -.87** -.24 -.68 
1972 annual yield -.86** 
-.57* -.91** -.53** -.60 
1971 cut 1 with May 1971 height .88** .90** .84** .91** .88** 
1971 cut 3 with July I971 height .85** .70** .84** .76** .95** 
1972 cut 1 with May 1972 height .86** 
.73** .83** .85** .76* 
1972 cut 3 with July I972 height .82** .68** 
.73** .72** .51 
1971 cut 1 with June ground 
cover rating .14 -.54* .16 -.43** 
-.35 
1971 cut 4 with September ground 
cover rating .48** .15 .52 .01 -.01 
1972 cut 1 with 1972 ground cover 
.36 rating .78** .50 .90** .50** 
% IVDDM in 1971 and 1972 — — .43 — — .45** -.45 
^Negative values between yield and spring vigor indicate a positive relationship. 
* and **Significant at .05 and .01 levels, respectively. 
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Table 30. Mean heading dates and disease ratings of each 
entry in the space-planted test 
Heading date^ Disease rating^ 
Entries 1971 1972 6/72 9/72 
Clones 
2-1 28.5 33.5 2.5 2.8 
6-3 27.0 29.5 3.5 4.8 
12-6 35.0 35.0 5.0 5.6 
14-5 30.1 30.0 3.0 1.6 
15-1 31.0 31.5 5.0 ^.7 
16-7 31.0 32.5 2.0 4.2 
19-5 34.0 35.0 3.2 3.8 
28-2 33.5 35.0 1.0 3.0 
31-2 28.2 31.5 3.8 3.4 
37-1 29.9 33.5 2.2 2.2 
47-2 27.9 29.5 4.0 3.8 
48-5 29.9 31.0 4.8 4.2 
50-1 27.0 29.0 4.5 4.8 
64-2 33.5 35.0 5.6 7.5 
Mean 30.5 32.2 3.6 4.1 
Si's 
2-1 30.8 33.9 3.2 3.4 
6-3 29.6 33.5 5.2 
12-6 35.8 35.5 4.8 6.0 
14-5 30.6 32.4 4.4 4.2 
15-1 31.4 34.6 6.7 7.2 
16-7 31.9 33.5 2.4 5.2 
19-6 33.0 34.6 3.5 5.2 
28-2 33.6 34.0 3.2 3.9 
31-2 31.6 32.7 4.6 4.1 
37-1 34.4 35.4 3.0 5.2 
47-2 30.2 32.8 5.8 5.2 
48-5 31.7 33.4 5.8 6.2 
50-1 29.8 32.8 5.4 5.8 
64-2 34.2 36.0 7.2 7.6 
Mean 32.0 33.9 4.6 5.3 
^Numbers indicate days from May 1. 
^Rated 1 least to 8 most severely affected. 
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Table 30. (Continued) 
Entries 
Crosses 
2-1 X 14-5 
2-1 X 16-7 
2-1 X 31-2 
2-1 X 50-1 
2-1 X 64-2 
6-3 X 12-6 
6-3 X 15-1 
6-1 X 16-7 
6-3 X 19-6 
6-3 X 28-2 
6-3 X 27-1 
6-3 X 47-2 
6-3 X 48-5 
12-6 X 19-6 
12-6 X 28-2 
12-6 X 37-1 
12-6 X 48-5 
14-5 X 16-7 
14-5 X 31-2 
14-5 X 50-1 
14-5 X 64-2 
15-1 X 16-7 
15-1 X 37-1 
15-1 X 47-2 
15-1 X 48-5 
16-7 X 31-2 
16-7 X 37-1 
16-7 X 47-2 
16-7 X 48-5 
16-7 X 50-1 
16-7 X 64-2 
19-6 X 28-2 
19-6 X 37-1 
19-6 X 48-5 
28-2 X 37-1 
28-2 X 48-5 
31-2 X 50-1 
31-2 X 64-2 
37-1 X 47-2 
37-1 X 48-5 
47-2 X 48-5 
50-1 X 64-2 
Mean 
Heading date Disease rating 
1971 1972 6/72 9/72 
29.0 32.2 3.0 4.0 
29.4 33.0 2.6 3.6 
29.6 32.2 3.4 3.6 
28.8 33.0 3.4 4.7 
29.8 33.0 3.8 5.6 
31.7 35.0 3.0 5.1 
29.2 31.6 4.0 5.4 
31.0 33.2 3.5 5.5 
31.4 33.0 4.0 4.1 
31.2 33.5 2.8 4.1 
31.1 34.0 3.6 4.8 
28.8 30.3 4.0 5.0 
29.4 31.8 4.2 5.7 
33.7 34.6 4.3 3.6 
33.7 34.7 2.8 3.9 
32.4 34.6 2.8 4.7 
32.7 34.2 4.2 4.4 
31.0 31.8 3.6 3.1 
28.8 30.8 3.2 3.5 
27.9 31.0 3.8 4.0 
30.9 32.4 5.2 5.5 
31.8 33.2 3.5 4.6 
31.8 33.6 3.0 4.0 
30.2 31.8 5.1 4.6 
30.2 30.5 3.2 4.3 
31.0 32.5 2.2 3.6 
31.7 32.6 2.2 3.2 
30.0 31.5 4.0 3.2 
31.8 32.8 3.9 4.2 
30.4 32.2 3.2 4.3 
32.3 33.2 3.8 5.5 
33.6 34.8 2.2 3.7 
32.5 34.8 3.0 4.1 
31.5 33.2 4.8 4.5 
32.9 34.6 2.1 3.8 
31.4 32.6 3.0 3.4 
28.3 30.6 4.2 4.8 
30.4 33.0 4.8 6.4 
29.8 31.6 3.5 3.4 
31.2 33.9 3.4 4.3 
29.5 31.2 4.6 4.6 
30.2 32.8 5.6 7.0 
30.8 32.8 3.6 4.4 
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Table 30. (Continued) 
Heading date Disease rating 
Entries 1971 1972 6/72 9/72 
Checks 
Vantage Syn. 1 29.8 30.8 4.7 4.4 
Vantage Syn. 2 31.2 34.0 3.4 4.5 
KC-2 Syn. 1 32.1 34.0 3.2 3.8 
RG-2 Syn. 2 30.2 32.8 3.1 4.8 
loreed 30.8 33.4 3.7 4.0 
Rise 33.1 34.2 3.2 4.8 
Common 29.1 32.9 3.2 4.4 
Mean 30.9 33.2 3.5 4.4 
Overall mean 31.0 32.9 3.8 4.5 
LSD (.05) 1.9 2.1 1.1 1.3 
1971 and 7.0 days in 1972. Heading dates in the two years 
were significantly correlated (r=0.82, P<.01). The 
progenies headed significantly later on the average than 
either the clones or crosses. There was a greater range in 
heading date among clones than among entries in any other 
group; however, differences among entries were significant 
in all groups. Each year, the three earliest clones were 6-3, 
47-2, and 50-I. The four clones with the latest heading dates 
each year were 12-6, 19-6, 28-2, and 64-2. In 1972, Vantage 
Syn. 2 headed significantly later (3.2 days) than Vantage 
Syn. 1; however, the difference between generations was not 
significant in 1971« The two generations of RC-2 were similar 
in heading date in both years. 
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Table 31. Analyses of variance of 1971 and 1972 heading dates 
in the space-planted test 
Source of Mean sauares 
variation df 1971 1972 
Replications 1 6.20* 10.34** 
Entries 76 6.89** 4.75** 
Among groups 3 13.68** 14.57** 
Clones vs. S^'s 1 34.41** 39.78** 
Clones vs. crosses 1 2,47 6.05* 
S^'s vs. crosses 1 31.51** 27.72** 
Among clones 13 14.22** 10.28** 
Among Si's 13 7.13** 2.63** 
Among crosses 41 4.47** 3.25** 
Among checks 6 3.69** 2.72* 
Vantage + RC-2 vs. I+R+C 1 .05 1.36 
Vantage vs. RC-2 1 .84 1.90 
Vantage Syn. 1 vs. 
Vantage Syn. 2 1 2.10 9.61** 
RC-2 Syn. 1 vs. RC-2 Syn. 2 1 3.42 1.56 
Common vs. loreed 1 2.72 0.25 
Rise vs. loreed + Common 1 13,02** 1.61 
Error 76 0.89 1.06 
Total 153 
cv m 3.05 3.10 
^loreed, Rise, and Common, respectively. 
* and **Significant at .05 and .01 levels, respectively. 
Table 30 also contains means for disease ratings. The 
two ratings were significantly correlated (r=0.71) at the .05 
level. Analyses of variance in Table 32 show that there were 
significemt differences among entries on both dates. The S^'s 
on the average were more severely diseased than the clones, 
crosses, or checks. Group means of the clones, crosses, and 
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Table 32. Analyses of variance of disease ratings in June 
and September 1972 in the space-planted test 
Source of Mean squares 
variation df June September 
Replications 1 0.01 0.86 
Entries 76 2.48** 2.50** 
Among groups 3 8.89** 8.81** 
Clones vs. S^'s 1 15.86** 22.89** 
Clones vs. crosses 1 0.00 2.27* 
S^'s vs. crosses 1 23.95** 18.95** 
Among clones 13 3.61** 4.75** 
Among S]_*s 13 4.18** 2.85** 
Among crosses 41 1.39** 1.54** 
Among checks 6 0.65* 0.25 
Error 76 0.29 0.40 
Total 153 
CV (?S) 14.3 13.9 
* and ^ ^Significant at .05 and .01 levels, respectively. 
checks were similar. Clone 28-2 and its progenies were among 
the entries showing the least disease in June. 
Plants in the space-planted test were harvested for 
forage yield after heading dates were recorded. Green forage 
yields are presented in Table 33» The analysis of variance 
for total yield is presented in Table 3^. Significant yield 
differences were found among clones, S^'s, and crosses but 
not among checks. In the breakdown of the entries sum of 
squares, 60% of the variation was attributable to variation 
among groups. The main factor causing variation among groups 
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Table 33» Mean yield of green forage from each entry at each 
cutting and over cuttings in the space-planted 
test 
Green forage per plot (kg) ^first-
1971 1972 Total cutting 
Entry 9 June 2 Aug Total 22 June yield yield 
Clones 
2-1 12.26 5.03 17.29 7.81 25.10 20.07 
6-3 12.33 6.65 18.98 13.78 32.76 26.11 
12-6 11.77 5.56 17.33 10.30 27.63 22.07 
14-5 14.70 8.53 23.23 15.88 39.11 30.58 
15-1 14.22 6.59 20.81 7.49 28.30 21.72 
16-7 11.19 4.72 15.91 8.02 23.93 19.21 
19-6 14.36 6.78 21.14 9.53 30.67 23.90 
28-2 13.64 4.64 18.28 8.52 26.80 22.16 
31-2 11.21 6.30 17.51 9.40 26.91 20.61 
7-1 11.79 7.05 18.84 13.63 32.47 25.42 
I 7-2 13.05 7.12 20.17 8.38 28.55 21.43 
48-5 16.05 6.96 23.01 11.62 34.63 27.67 
50-1 14.39 6.53 20.92 7.99 29.91 22.40 
64-2 11.44 6.69 18.13 10.36 28.50 21.86 
Mean I3.O3 6.37 19.40 10.19 29.59 23.22 
7.29 2.54 9.83 5.44 15.27 12.73 
6.34 3.18 9.52 6.68 16.20 I3.02 
9.57 4.13 13.70 6.90 20.60 16.47 
8.78 4.40 13.18 6.77 19.95 15.55 
8.45 3.75 12.20 4.94 17.14 13.39 
8.11 3.24 11.35  7.04 18.39 15.15 
12.10 J.55 17.65 7.78 25.43 19.88 
11.80 4.45 16.25 9.72 25.98 21.52 
9.14 3.46 12.60 6.60 19.20 15.74 
37-1 10.50 4.15 14.65 5.56 20.21 16.06 
47-2 7.04 3.49 10.53 5.89 16.42 12.93 
48-5 10.11 4.06 14.17 6.23 20.40 16.34 
50-1 9.43 3.86 13.29 5 68 18.97 15.11 
64-2 7.96 3.68 11.64 5.72 17.36 13.68 
Mean 9.04 3.86 12.90 6.50 19.40 15.54 
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Table 33» (Continued) 
Green forage per plot (kg) ^first-
1971 1972 Total cutting 
Entry 9 June 2 Aug Total 22 June yield yield 
Crosses 
2-1 X 1^-5 
2-1 X 16-7 
2-1 X 31-2 
2-1 X 50-1 
2-1 X 64-2 
6—3 X 12—6 
6-3 X 15-1 
6-3 X 16-7 
6-3 X 19-6 
6-3 X 28-2 
6-3 X 37-1 
6-3 X 47-2 
6-3 X 48-5 
12-6 X 19-6 
12-6 X 28-2 
12-6 X 37-1 
12-6 X 48-5 
14-5 X 16-7 
14-5 X 31-2 
14-5 X 50-1 
14-5 X 64-2 
15-1 X 16-7 
15-1 X 37-1 
15-1 X 47-2 
15-1 X 48-5 
16-7 X 31-2 
16-7 X 37-1 
16-7 X 47-2 
16-7 X 48-5 
16-7 X 50-1 
16-7 X 64-2 
19-6 X 28-2 
19-6 X 37-1 
19-6 X 48-5 
28-2 X 37-1 
28-2 X 48-5 
31-2 X 50-1 
31-2 X 64-2 
37-1 X 47-2 
37-1 X 48-5 
13.29 5.42 
12.02 5.39 
14.33 6.45 
12.95 5.18 
13.92 6.41 
14.95 5.95 
12.60 5.90 
12.45 5.34 
13.58 6.62 
13.99 6.13 
10.17 6.63 
14.43 7.59 
13.95 5.75 
14.81 6.90 
14.51 6.30 
15.45 7.32 
15.85 7.95 
13.22 6.75  
14.19 6.33  
11.06 5.93 
14.99 7.36 
13.40 5.49 
12.13 6.09 
13.30 6.94 
12.12 6.78 
13.10 6.26 
12.52 6.28 
12.09 6.84 
13.56 4.75 
12.29 5.21 
14.14 7.36 
13.75 5.26 
14.12 6.42 
15.81 6.30 
14.61 5.52 
14.25 6.92 
11.48 5.52 
12.28 6.37 
12.80 7.84 
16.11 6.31 
18.71 7.75 
17.41 10.20 
20.78 10.70 
18.13 6.70 
20.33 12.81 
20.90 10.02 
18.50 8.70 
17.79 8.63 
20.20 10.86 
20.11 11.01 
20.89 11.86 
22.02 10.00 
19.70 9.74 
21.71 11.53 
20.81 12.22 
22.77 13.25 
23.80 11.76 
19.97 10.62 
20.52 9.47 
16.99 7.97 
22.35 10.34 
18.89 7.49 
18.22 9.30 
20.24 7.63 
19.90 11.23 
19.36 9.90 
18.80 11.59 
18.93 9.15 
18.31 7.88 
17,50 8.81 
21.50 12.20 
19.01 8.29 
20.54 9.64 
22.11 8.49 
20.13 9.56 
21.17 11.75 
17.00 8.11 
18.65 8.87 
20.64 11.06 
22.43 9.15 
26.46 21.04 
27.61 22.22 
31.48 25.03 
24.83 19.65 
33.14 26.73 
30.92 24.95 
27.21 21.31 
26.42 21.08 
31.07 24.45 
31.14 25.00 
32.75 26.12 
32.02 24.44 
29.44 23.69 
38.25 26.34 
33.03 26.73 
36.02 28.69 
35.56 27.62 
30.60 23.85 
30.00 23.66 
24.96 19.03 
32.70 25.33 
26.39 20.90 
27.52 21.43 
27.87 20.93 
30.13 23.35 
29.26 23.00 
30.39 24.11 
28.08 21.24 
26.20 21.45 
26.31 21.10 
33.70 26.34 
27.31 22.04 
30.17 23.76 
30.61 24.30 
29.70 24.18 
32.92 26.00 
26.23 19.59 
27.52 21.15 
31.70 23.86 
31.58 25.27 
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Table 33* (Continued) 
Green forage per plot (kg) ^first-
1971 1972 Total cutting 
Entry 9 June 2 Aug Total 22 June yield yield 
47-2 X 48-5 
50-1 X 64-2 
13.39 
14.28 
5.47 
6.99 
16.85 
21.26 
6.54 
9.14 
23.40 
30.40 
17.93 
23.41 
Mean 13.48 6.30 19.88 9.81 29.69 23.39 
Checks 
Vantage Syn. 1 
Vantage Syn. 2 
RC-2 Syn. 1 
RC-2 Syn. 2 
loreed 
Rise 
Common 
13.78 
14.52 
14.60 
12.18 
13.54 
14.10 
14.06 
7.08 
6.21 
6.55 
4.85 
5.56 
5.72 
5.69 
20.86 
20.73 
21.15 
17.03 
19.10 
19.82 
19.75 
10.59 
10.36 
11.45 
7.79 
9.35 
9.79 
7.90 
31.44 
31.09 
32.60 
24.82 
28.45 
29.61 
27.66 
24.37 
24.89 
26.05 
19.97 
22.90 
23.88 
21.96 
Mean 13.53 5.95 19.78 9.61 29.38 23.43 
Overall mean 12.62 5.83 18.51 9.26 27.77 21.94 
LSD (.05) 2.15 1.76 3.07 4.20 6.13 4.74 
was the low yield of the S^'s. The average total yield of the 
S^'s was 10.19 kg ijkfo) less than that of the clones. Average 
yields of clones, crosses, and checks were similar. The high­
est yielding entry was 14-5 with 12-6 x 37-1 being second 
highest. 
Both positive and negative correlation coefficients were 
obtained between heading dates and yield measurements. Corre­
lations for all entries and clones were negative and generally 
small, i.e., between 0.00 and -0.20. Those for S^'s, crosses 
and checks were positive. The only significant correlation 
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Table 34. Analysis of variance of total forage yield^ in the 
space-planted test 
Source of 
variation df Mean square 
Replication 
Entries 
Among groups 
Clones vs. S^'s 
Clones vs. crosses 
S^'s vs. crosses 
Among clones 
Among S^'s 
Among crosses 
Among checks 
1 
76 
3 
1 
1 
1 
13 
13 
41 
6 
128.0227** 
51.3092** 
8OO.8O53** 
1455.2660** 
0.2028 
2225.1864** 
32.4541** 
19.9657* 
17.8332** 
14.0775 
Error 76 9.4665 
Total 153 
CV ifo) 11.1 
^Green weight in kilograms per plot. 
* and **Significant at .05 and .01 levels, respectively. 
coefficients involved the crosses for which heading date in 
1971 was correlated with 1971 first-cutting, 1971 annual 
yield, and total yield. Those correlation coefficients were 
r=0.47, 0.44, and 0.47 (P<.01), respectively. 
ComMning ability 
Combining ability for forage yield in the space-planted 
test differed from that in the forage yield test where stands 
were nearly solid. Diallel 1 GCA and SCA mean squares are 
presented in Table 35» Differences among crosses in total 
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Table 35» Diallel 1 general and specific combining ability 
mean squares for traits in the space-planted test 
Mean squares 
GCA SCA Error 
Trait (5 df) (9 df) (76 df) 
Total yield 19,0904 11.5615 9.4665 
1971-72 first-cutting 
yield 13.7916 6.6171 5.6636 
Cut 1, 1971 2.0724 3.3311** 1.1676 
Cut 2, 1971 2.6501** 0.7968 O.78I3 
Annual yield, 1971 4.6194 5.0208* 2.3725 
Cut 1, 1972 6.35 4.4262 4.4522 
Heading date, 1971 1.08** 0.12 0.18 
Heading date, 1972 1.02** O.33 0.22 
Disease rating, June 0,38** 0.08 O.O6 
Disease rating, 
September 0.59** 0.06 0.08 
* and **Signifioant at .05 and .01 levels, respectively. 
yield and in first-cutting yield in 1972 and combined over 
years were not significant. Specific combining ability mean 
squares were significant for first-cutting and annual yield in 
1971. These were the only two instances where SCA alone was 
significant. However, GCA was more important than SCA for 
heading date and disease rating. The GCA effects for those 
traits for which GCA alone was significant are shown in Table 
36, Earlier heading and less severe disease reaction are 
indicated by negative values. Clone 47-2 had the best GCA at 
the second harvest in 1971 and 16-7 had the poorest. Progenies 
of 47-2 headed earlier and those of 16-7 and 37-1 tended to be 
later than the mean of the I5 crosses. Progenies of 16-7 and 
Table 36. Diallel 1 general combining ability effects in the space-planted test 
Clone 
Trait 6-3 15-1 16-7 37-1 47-2 48-5 SE^ 
Cut 2, 1971 -0.031 —0.o35 -0,656 0.455 0.834 -0,566 0.288 
Heading date, 1971^ -0.754 0.158 0.958 0.783 -1.067 -0.078 0.245 
Heading date, 1972 -0.054 -0.154 0.508 1.146 -1.204 -0.242 0.405 
Disease rating, June^ 0.192 0.092 -0.383 -0.721 0.654 0.166 0.203 
Disease rating, . 
September 1.021 0.158 
-0.379 -0.629 -0.379 0.208 0.173 
^Standard error of a GCA effect. 
^Negative values indicate earlier maturity. 
^Positive values indicate more severe disease reaction. 
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37-1» on the average, showed fewer disease symptoms than 
progenies of the other three clones. 
Table 37 contains diallel 1 SCA effects for first-cutting 
and annual yield in I97I. An examination of Table 33 shows 
why certain SCA effects were large for 1971 annual yield. 
Both the highest and lowest yielding crosses (37-1 x 48-5 and 
47-2 X 48-5# respectively) in diallel 1 had 48-5 as one parent. 
Such a difference in performance of crosses involving a common 
parent would cause large SCA effects. Those same two crosses 
also had large SCA effects for 1971 first-cutting yield which 
were caused by differences similar to those for 1971 annual 
yield. 
Differences among crosses were significant for heading 
date and disease rating in diallel 2 (Table 38). The GCA 
effects for those traits are shown in Table 39» As in 
diallel 1, 6-3 and 48-5 had negative GCA effects for heading 
date which indicated earlier heading. Clone 28-2 had the best 
GCA effects for disease reaction while 6-3 and 48-5 had the 
poorest. 
The clones in diallel 3 (Table 40) were significantly dif­
ferent in GCA for more traits than clones in diallels 1 or 2. 
Specific combining ability was nearly as important as GCA in 
determining production at the 1971 first harvest. The GCA 
effects are presented in Table 41. Clone 64-2 exerted a con­
sistent positive effect for yield while effects of 3I-2 and 
50-1 were always negative. The GCA effects for 2-1 indicate 
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Table 37. Diallel 1 specific combining ability effects for 
1971 annual yield (above diagonal) and 1971 first-
cutting (below.diagonal) in the space-planted test 
Clone 
SCA effects 
6-3 15-1 16-7 37-1 47-2 48-5 
6-3 -0.804 -1.002 0.031 1.742 0.034 
15-1 -0.499 1.133 -1.599 0.992 0.278 
16-7 -0.766 1.219 -0.513 0.186 0.197 
37-1 0.087 -0.999 -0.730 -0.164 2.246 
47-2 1.221 1.119 -0.209 -0.445 
-1.687 
-2.756 
48-5 -0.044 -0.840 0.485 2.087 
1.177 Standard error of a SCA effect for 1971 annual yield 
0.788 Standard error of a SCA effect for 1971 first-cutting 
Table 38. Diallel 2 general and specific combining ability 
mean squares for traits in the space-planted test 
Mean squares 
GO A SCA Error 
Trait (5 df) (9 df) (76 df) 
Total yield 
1971-72 first-cutting yield 
Cut 1, 1971 
Cut 2. 1971 
Annual yield, I97I 
Cut 1, 1972 
Heading date, I97I 
Heading date, I972 
Disease rating, June 
Disease rating, September 
17.7648 6.4822 9.4665 
10.6757 2.9326 5.6636 
2.6678 0.5517 1.1676 
1.1945 0.8139 0.7813 
7.0762 1.1245 2.3725 
4.4522 5.5738 3.5552 
7.40** 0.32 0.89 
3.66 0.62 1.06 
3.00** 0.38 0.29 
1.51** 0.33 0.40 
* and **Significant at .05 and .01 levels, respectively. 
Table 39» Diallel 2 general combining ability effects for heading date and 
disease rating in the space-planted test 
Clones 
Trait 6-3 12-6 19-6 28-2 37-1 48-5 SE& 
Heading date, 1971^ 
-1.333 1.004 0.642 0.679 -0.008 -0.984 0.183 
Disease rating, June® 0.217 0.079 0.429 -0.958 -0.471 0.704 0.198 
Disease rating, 
September 0.612 0.050 -0.362 -0.612 0.088 0.224 0.187 
^Standard error of a GCA effect. 
^Negative values indicate earlier maturity. 
^Positive values indicate more severe disease reaction. 
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Table 40. Diallel 3 general and specific combining mean 
squares of traits in the space-planted test 
Mean squares 
Trait 
GCA 
(5 df) 
SCA 
(9 df) 
Error 
(76 df) 
10.8711 9.4665 
6.9021 5.6636 
2.4280* 1.1676 
0.4550 0.7813 
4.2387 2.3125 
2.9973 4.4522 
0.71 0.89 
0.43 1.06 
0.40 0.29 
0.17 0.40 
Total yield 46.2466** 
1971-72 first-cutting yield 21.6196** 
Cut 1, 1971 3.1172* 
Cut 2, 1971 2.2131 
Annual yield, 1971 9.4706** 
Cut 1, 1972 9.9660 
Heading date, 1971 6.83** 
Heading date, 1972 3.28 
Disease rating, June 3.99** 
Disease rating, September 7.20** 
* and **Significant at .05 and .01 levels, respectively. 
its average yield in hybrid combinations deviated little 
from the mean of the 15 crosses. Crosses of 50-I were among 
the earliest to head and those of 16-7 and 64-2 were among 
the latest. There was a tendency for a positive association 
between GCA effects for yield and heading date indicating that 
high yield was associated with late heading. The GCA effects 
for disease reaction were similar at the two rating dates 
except those of 14-5. 
Diallel 3 GCA and SCA effects for 1971 first-cutting 
yield are presented in Table 42. Clone 64-2 was best for 
general combining ability. The large positive SCA effects for 
50-I X 64-2 and 2-1 x 31-2 indicate that they yielded better 
than expected on the basis of GCA. At the same time, 
Table 41. Diallel 3 general combining ability effects in the space-planted test 
Clones 
Trait 2-1 14-5 16-7 31-2 50-1 64-2 SE* 
Total yield 0.219 -1.020 1. 206 -0.612 -3.500 3.707 1.604 
1971-72 first-cutting 
yield 0.239 -0.200 0.701 -0.323 -2.732 2.315 0.848 
Annual yield, 1971 -0.364 0.430 -0.273 -0.126 -1.485 1.818 0.665 
Heading date, 1971^ -0.671 -0.421 1.217 -O.3O8 -0.921 1.104 0.271 
Disease rating, June® -0.608 0.054 -0.796 -O.I83 0.392 1.141 0.203 
Disease rating, 
September 
-0.371 -0.746 -0.733 -O.3O8 0.429 1.729 0.133 
^Standard error of a GCA effect. 
^Negative values indicate earlier maturity. 
^Positive values indicate more severe disease reaction. 
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Table 42. Diallel 3 general and specific combining ability 
effects for 1971 first-cutting in the space-
planted test 
Clone 
SCA effects GCA 
effects 14-5 16-7 31-2 50-1 64-2 
2-1 -0.270 -1.047 1.115 0.563 -0.360 0.166 
14-5 0.094 0.910 -1.389 0.655 0.226 
16-7 0.315 0.338 0.230 -0.268 
31-2 -0.629 -1.711 -0.117 
50-1 1,116 -Q.948 
64-2 0.941 
0,503 Standard error of a GCA effect 
0.967 Standard error of a SCA effect 
3I-2 X 64-2 performed below its expectation based on the aver­
age performance of the parent clones in hybrid combinations. 
Heterosis and inbreeding depression 
There was a greater range in heterosis and percentage 
inbreeding depression in the space-planted than in the solid-
planted test. The percentage heterosis expressed by each 
cross is presented in Table 43. There were six, nine, and 
six crosses in diallels 1, 2, and 3, respectively, that had 
positive heterosis values. Average heterosis was highest in 
diallel 2. The two crosses that yielded most and least in 
relation to the mean of their parents were in diallel 3. The 
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Table 4-3. Heterosis for total forage yield in the space-
planted test expressed in percentage of the mid-
parent value 
Diallel 1 % Diallel 2 io Diallel 3 fo 
6-3 X 15-1 -10.9 6-3 X 12-6 2.4 2-1 X 14-5 -17.6 
6-3 X 16-7 -6.8 6-3 X 19-6 —2.0 2-1 X 16-7 12.6 
6-3 X 37-1 0.4 6—3 X 28—2 4.6 2-1 X 31-2 21.0 
6-3 X 47-2 4.5 6-3 X 37-1 0.4 2-1 X 50-1 —8.1 
6-3 X 48-5 -12.6 6-3 X 48-5 -12.6 2-1 X 64-2 23.7 
15-1 X 16-7 1.1 12-6 X 19-6 14.1 14-5 X 16-7 -2.9 
15-1 X 37-1 -9.4 12-6 X 28-2 21.4 14-5 X 31-2 -18.7 
15-1 X 47-2 -2.0 12-6 X 37-1 19.8 14-5 X 50-1 
-35.3 
15-1 X 48-5 -4.3 12-6 X 48-5 14.2 14-5 X 64-2 
-3.3 
16-7 X 37-1 7.8 19-6 X 28-2 -5.0 16-7 X 31-2 15.1 
16-7 X 47-2 7.0 19-6 X 37-1 -4.4 16-7 X 50-1 -0.4 
16-7 X 48-5 -10.5 19-6 X 48-5 — 6.2 16-7 X 64-2 28.6 
37-1 X 47-2 3.9 28-2 X 37-1 0.2 31-2 X 50-1 -10.1 
37-1 X 48-5 
-5.9 28-2 X 48-5 7.2 31-2 X 64-2 —0 » 6 
47-2 X 48-5 
-25.9 37-1 X 48-5 
-5.9 50-1 X 64-2 5.9 
Mean 
-4.3 3.2 0.7 
Percentage heterosis = ^^°midparen?^^^"^ ^  100. 
highest percentages of heterosis in diallels 1, 2, and 3 were 
7.8, 21.4, and 28.6#, respectively. Ranking for heterosis was 
different than for yield. 
The performance of crosses in relation to Common is 
summarized in Table 44. Common ranked lower in yield in the 
space-planted test than in the forage test, consequently more 
crosses showed superiority over it. Nine, l4, and 8 crosses 
in diallels 1, 2, and 3» respectively, yielded more than 
Common. Therefore, the mean of each diallel was also greater 
than the mean of Common. The highest yielding cross. 
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Table 44. Mean total forage yield of the two-clone crosses 
and of the five crosses involving each clone in 
each diallel in the space-planted test expressed 
as a percentage of the yield of Common 
Diallel 1 Diallel 2 Diallel 3 
Individual 
f 
Individual $ Individual 1" crosses crosses crosses 
6-3 X 15-1 98.4 6-3 X 12-6 111.8 2-1 X 14-5 95.6 
6-3 X 16-7 95.5 6-3 X 19-6 112.3 2-1 X 16-7 99.8 
6-3 X 37-1 118.4 6-3 X 28-2 112.6 2-1 X 31-2 113.8 
6-3 X 47-2 115.8 6-3 X 37-1 118.4 2-1 X 50-1 89.8 
6-3 X 48-5 106.4 6-3 X 48-5 106.4 2-1 X 64-2 119.8 
15-1 X 16-7 95.4 12-6 X 19-6 120.2 14-5 X 16-7 110.6 
15-1 X 37-1 99.5 12-6 X 28-2 119.4 14-5 X 31-2 104.8 
15-1 X 47-2 100.8 12-6 X 37-1 130.2 14-5 X 50-1 90.2 
15-1 X 48-5 108.9 12-6 X 48-5 128.6 14-5 X 64-2 118.2 
16-7 X 37-1 109.9 19-6 X 28-2 98.7 16-7 X 31-2 105.8 
16-7 X 47-2 101.5 19-6 X 37-1 109.1 16-7 X 50-1 95.1 
16-7 X 48-5 94.7 19-6 X 48-5 110.7 16-7 X 64-2 121.8 
37-1 X 47-2 114.6 28-2 X 37-1 107.4 31-2 X 50-1 94.8 
37-1 X 48-5 114.2 28-2 X 48-5 119.0 31-2 X 64-2 99.5 
47-2 X 48-5 84.6 37-1 X 48-5 114.2 50-1 X 64-2 109.9 
Common parent Common parent Common parent 
of five of five of five 
crosses crosses crosses 
6-3 106.9 6-3 112.3 2-1 103.8 
15-1 100.6 12-6 122.0 14-5 100.2 
16-7 99.4 19-6 110.2 16-7 106.6 
37-1 111.3 28-2 111.4 31-2 101.4 
47-2 103.4 37-1 115.8 50-1 93.0 
48-5 101.8 48-5 115.8 64-2 113.9 
Mean 103.9 114.6 103.1 
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12-6 X 37-1» produced 30.2# more green forage than Common. On 
the basis of the average of five crosses, progenies of all 
clones except 16-7 in diallel 1 and 50-1 in diallel 3 aver­
aged higher than Common with the highest yielding progenies 
being those of 12-6. They averaged ZZ% higher in total green 
forage yield than Common. 
Mean yield of crosses and inbreeding depression of S^'s 
are presented in Table The clones are listed in descend­
ing order of their average yield in crosses. Those yields 
ranged from 70.9 to 122.2^ of the clonal yields. Seven of 
the clones averaged higher in yield in crosses than as 
clones. Inbreeding depression ranged from 3*0 to 50.6#. 
Neither the average cross nor progeny performance reflected 
clonal performance. Correlation coefficients of clonal yield 
with yield of crosses and S^'s were 0.00 and 0.I3, respectively. 
Yields of S^'s and crosses also were not correlated (O .32) .  
However, clonal yield and percentage inbreeding depression 
were correlated (r=0.53; P<*05)» That indicates a trend for 
progenies of higher yielding clones to show greater in­
breeding depression. 
Correlations Between Forage Yield and 
Space-Planted Tests 
Correlations between several traits in the forage yield 
and space-planted tests are listed in Table 46. A noticeable 
feature of this table is the high frequency of significant 
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Table 45. Mean yield of crosses involving each clone ex­
pressed both in kg per plot and in percentage of 
parent clone yield and percentage inbreeding de­
pression of S^'s in the space-planted test 
Clone 
Mean yield 
of crosses 
(kg/plot) 
Mean of 
crosses in 
percentage 
of parent 
Inbreeding 
depression 
of Si's 
( f o )  
12-6 33.75 122.2 25.4 
64-2 31.49 110.5 39.1 
37-1^ 31.42 96.7 37.8 
28-2 30.82 115.0 3.0 
19-6 30.48 99.4 17.0 
6-3^ 30.32 92.6 50.6 
48-5^ 30.08 86.9 41.1 
2-1 28.70 114.3 39.2 
47-2 28.61 100.2 42.5 
16-7* 28.50 119.1 23.1 
31-2 28.04 104.2 28.7 
15-1 27.82 98.3 39.4 
14-5 27.71 70.9 49.0 
50-1 25.73 89.0 34.4 
Mean 29.53 101.4 33.6 
Crosses are averaged over diallels. 
Table 46. Correlation coefficients between traits of entries in the forage yield 
and space-planted tests 
All Parent Q to 
Forage yield test with Space-planted test entries clones s Crosses Checks 
(trait) (trait) (75 df) (12 df) (12 df) (40 df) (5 df: 
Total yield Total yield .68** .37 .52 —. 01 -.08 
Cut 1, 1971 Cut 1. 1971 .36** .15 -.11 -.22 .16 
Total yield, 1971 Total yield, 1971 .63** .36 .23 -.16 -.27 
Cut 1, 1972 Cut 1, 1972 .52** .35 .55* .05 -.06 
1971-72 first- 1971-72 first-
cutting yield cutting yield .47** .26 .17 -.19 .26 
Cut 1, 1971 Heading date, 1971 -.47** -.44 — « 4l -.42** -.51 
Total yield, 1971 Heading date, 1971 -.34** -.23 -.27 -.19 -.74 
Total yield Heading date, 1971 -.28* 
-.23 -.10 —. 06 -.40 
Cut 1, 1972 Heading date, 1972 -.41** -.44 -.38 — « 28 -.27 
Total yield, 1972 Heading date, 1972 -.24* -.22 -.25 .20 -.07 
Total yield Heading date, 1972 
-.31** -.21 -.35 .04 — « 26 
Panicle number 
rating, 1971 Heading date, 1971 .57** .57* .55» .67** .31 
Panicle number 
rating, 1972 Heading date, 1972 .01 .09 -.10 .12 -.25 
Spring vigor, 1972 Heading date, 1972 .28* .06 .43 .12 -.11 
* and ^ ^Significant at .05 and .01 levels, respectively. 
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correlations involving all entries and the few instances of 
significance within groups. Yield of the crosses in the forage 
yield test was not correlated with their yield as spaced plants. 
Clone 14-5 was the only entry which ranked among the top five 
in both tests. 
Yield in the forage yield test tended to be negatively 
correlated with heading date; however, only one correlation 
coefficient within groups was significant. The relationship 
of yield and heading date in the space-planted test was gen­
erally more positive than in the forage yield test. Heading 
date of the crosses in 1971 was negatively correlated with 
their yield at the 1971 first harvest in the forage yield 
test. That indicated higher yielding crosses often headed 
earlier. Just the opposite was observed for the crosses in 
the space-planted test. In 1971, correlations between panicle 
number rating in the forage yield test and heading date were 
significant for all except the checks. That indicated late-
heading entries had fewer growing tips cut off at the first 
harvest. No correlation was found between those two traits 
in 1972. Spring vigor in the forage yield test was not corre­
lated with heading date within groups of entries. 
Differences in combining ability for yield were detected 
more frequently in the forage yield test. More replications 
in the forage yield test undoubtedly influenced that frequency. 
Clones with the best GCA effects for yield in the forage yield 
test were not always best in the space-planted test. Average 
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heterosis was greater in the forage yield test than in the 
space-planted test. Ranking for heterosis within and among 
diallels also differed between tests. 
Similar to heterosis, the range in inbreeding depression 
was greater in the space-planted test. Average inbreeding 
depression also was greater in the space-planted test; how­
ever, four entries had greater inbreeding depression in the 
forage yield test. There were four instances where inbreed­
ing depression in the space-planted test was at least twice as 
great as in the forage yield test. 
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DISCUSSION 
Several recent publications on breeding perennial forage 
crops have discussed the possibility of developing two-clone 
hybrids for commercial production (Christie, 1973; Melton, 
1969; Carlson, I966; and Burton, 1956). Several questions need 
to be answered when pursuing that possibility. Two of those 
questions are: (l) is there sufficient heterosis in two-clone 
crosses to justify the extra cost of seed production? and 
(2) what is the best method of identifying superior two-clone 
crosses? The latter question encompasses several questions 
such as I (1) what is the most efficient method of identifying 
parents? (2) of what importance is combining ability? (3) how 
much attention should be given to traits other than forage 
production in the evaluation process, i.e., ground cover, 
height, forage canopy traits, and forage digestibility? Other 
questions involve superiority of two-clone crosses over syn­
thetic cultivars, effects of generation advancement, and the 
value of wide genetic differences between parents. This 
study provided insight into answers to some of the questions 
just mentioned. 
The results of this research indicated that two-clone 
crosses have the potential for increasing forage yield in reed 
canarygrass. However, there is need for further evaluation of 
the best two-clone crosses in seeded plots. The seed for that 
evaluation should be obtained as it would be for commercial 
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use» i.e., from open pollination with the parent clones in 
alternate rows in the field. The highest yielding cross 
yielded 12.3^ more forage than Common, the highest yielding 
check strain. The range in yield of the crosses in percentage 
of Common was 84.3 to 112.3^1. The amount of variability for 
yield among the crosses indicated that breeders should be 
able to increase forage yield of reed canary grass even more 
by further breeding and evaluation. These results allow a 
much more positive conclusion with regard to increasing yield 
than that of Baltensperger and Kalton (1958). They concluded 
that there was little chance of improving yield of reed 
canary grass. 
The decision whether to develop synthetic cultivars or 
two-clone hybrids is influenced by the potential amount of 
yield improvement in each type of cultivar. Alfalfa data 
reported ty Melton (1969) indicated that approximately the 
same amount of forage yield improvement could be made with 
synthetics as with hybrids. In my study, the highest yielding 
cross in diallel 1 yielded 9*3# more than the Syn. 2 of Vantage 
(P<.05) indicating the opportunity for developing superior 
yielding hybrid varieties from certain parent clones in the 
synthetic. The best two-clone cross in diallel 2 yielded 6.4^ 
more than the Syn. 2 of RC-2 (P<0.10). It should be pointed 
out that the parent clones of Vantage and RC-2 were selected 
mainly for seed yield and seed retention rather than forage 
yield. Therefore, there might be more variation among clones 
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in combining ability for forage yield than in a synthetic 
selected mainly for forage production. With the additional 
information on combining ability of the 14 clones, at least 
one synthetic could be made from clones with the best com­
bining ability for forage yield and the yield of the Syn. 2 
compared with yields of all possible single crosses among the 
parent clones. One synthetic should involve clones 6-3, 14-5. 
16-7, 28-2, and 64-2. 
Results of this research indicated that the best way to 
develop superior two-clone hybrid cultivars of reed canary-
grass is to first evaluate a large number of clones in solid 
stands, then evaluate the best 50^ for general combining 
ability, and finally evaluate in diallel crosses those clones 
high in GCA and of diverse origin. The clones should come from 
several germplasm sources. It would be desirable to select 
germplasm sources on the basis of tests for yield and adapta­
tion. All forage yield tests should be harvested to simulate 
as closely as possible the way reed canarygrass should be used 
in pasture and forage production. Measurements or ratings on 
additional traits including maturity, spreading ability, 
tiller density, disease reaction, and percentage IVDDM, 
should be taken to supplement yield data. The value of my 
findings in relation to this suggested breeding procedure 
will be discussed in the following paragraphs. 
One of the difficulties in development of two-clone hy­
brid varieties is the large number of clones and crosses that 
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must be evaluated. More progress could be made if the breeder 
could eliminate potentially poor parents before making the 
crosses. The high correlation between yields of clones and 
their crosses in the forage yield test indicated that some 
potentially poor parents can be eliminated on the basis of 
clonal performance. Asay (1965) obtained a correlation of 
0.57 (p<0.01) for forage yield between reed canarygrass clones 
and their topcross progenies. However, the selection pressure 
based on clonal performance per se should not be too great. 
For example, if a selection pressure less than $0^ for forage 
yield alone was applied to the 14 clones used in my study, 64-2 
would have been eliminated. 
The yield and heterosis values obtained for diallel 3 in 
the forage yield test indicated that parents high in GCA and 
of diverse origin give the highest yielding two-clone crosses. 
The data support Asay's (I965) conclusion that certain reed 
canary grass two-clone crosses should exhibit a heterotic re­
sponse. This information can be used in a breeding program to 
help a breeder choose the clones to be tested. Once the gen­
eral combining ability of the clones is estimated he can 
greatly reduce the number of clones to be used in specific 
combinations. The relative influence of general combining 
ability and genetic diversity in diallel 3 cannot be determined 
from this study, however, since the clones were selected on 
the basis of high GCA for yield and only one parent of diverse 
origin was evaluated. Data obtained by Carlson (I966) also 
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indicated a need to evaluate reed canarygrass clones for 
general combining ability. Likewise, in alfalfa, Tysdal and 
Crandall (1948) reported marked progress from selection of 
alfalfa plants with high general combining ability. The 
importance of genetic diversity was shown by the five crosses 
of 64-2. They were among the highest yielding crosses in this 
study and also exhibited the greatest amount of heterosis. 
Heterosis, however, has no value in a practical breeding 
program if not accompanied by an increase in forage yield. 
Christie (1973) evaluated orchardgrass hybrids made from 
clones of Canadian and European origin. Hybrids between 
Canadian and European sources generally were higher yielding 
than those within the two sources. In tall fescue, Moutray 
and Brakes (1973) reported that two-clone crosses between 
plants of more diverse origin and plant characteristics ex­
hibited greater heterosis than crosses among parents of 
similar origin and characteristics. Similarly, Melton 
(1969) reported that the highest yielding two-clone hybrids 
of alfalfa came from crosses between clones high in GCA and 
of diverse origin. Because only one parent of diverse origin 
was included in my study, further research is needed on the 
influence of genetic diversity on hybrid vigor in reed 
canary grass. 
The percentage inbreeding depression was of no value in 
predicting either the average performance of the parent clones 
per se or in hybrid combinations. This indicated that per­
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centage inbreeding depression cannot be used to estimate the 
combining ability of clones. However, the clonal yield was 
correlated significantly with the yield of their progenies. 
The amount and variability of inbreeding depression was con­
sistent with that found by Brown (I96I) in reed canary grass. 
The inbreeding depression is a warning to forage breeders who 
are creating reed canarygrass synthetics. The yield in the 
Syn. 2 generation of a synthetic with too few clones will 
probably be reduced because of inbreeding. The number of 
clones necessary to prevent yield reduction due to inbreeding 
will depend on the inbreeding depression and relationship of 
the clones involved (Busbice, 1969). Kalton et al. (1952) 
considered that clones with the least inbreeding depression 
and segregation for desirable traits would make the best 
parents of synthetic varieties. Vantage and RC-2 have suffi­
cient clones to prevent yield reduction in the Syn. 2 genera­
tion due to inbreeding because the yield of the Syn. 2 of each 
synthetic was similar to the yield of the Syn. 1. 
Combining ability analyses would be of considerable value 
in the selection of clones for yield as well as other traits. 
In the forage yield test, for example, clone 6-3 in diallel 1 
had the best GCA effects for 7 of the 16 individual and com­
bined harvests while 16-7 and 37-1 had the best effects for 4 
and 2 harvests, respectively. No significant differences were 
found among crosses at three of the harvests. The yield 
superiority of 6-3 apparently came from superiority in ground 
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cover rather than height because it had the best GCA effects 
for ground cover while 37-1» 47-2, and 48-5 had the best GCA 
effects for height. The combining ability effects in diallel 
2 revealed a very interesting pattern. Clone 28-2 had the 
best GCA effects for 1? of 24 traits. For the seven remaining 
traits, clone 48-5 had the best GCA effects for six of them, 
all measures of spring growth. Thus, the combining ability 
analyses clearly showed the superiority of 28-2 and the out­
standing vigor and yielding ability of 48-5 during the early 
part of each growing season. In diallel 3» 14-5 and 64-2 had 
the best GCA effects for yield. Clone 14-5 was best in after­
math yield, whereas 64-2 was best for all first-harvest, 
yearly, and total yields. With one exception, clones with the 
best GCA effects for height also had the best GCA effects for 
yield at the harvest when height was measured. These findings 
indicate that the diallel mating design and combining ability 
analyses are valuable tools for the plant breeder. The 
analyses would help a breeder formulate superior cultivars 
with specific attributes during particular times of the year. 
They also show interrelationships of traits affecting total 
performance. Mishra and Drolsom (1972) reported that the 
diallel crossing system aids selection of clones to be used in 
developing synthetic varieties and hybrids. Breese (I960) 
also reported that the value of the diallel analysis increases 
in highly selected material as a means of detecting SCA effects 
and assessing their importance. 
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In one of the first studies on general and specific 
combining ability in corn, Sprague and Tatum (1942) found GCA 
to be more important than SCA in crosses among unselected 
lines, but SCA was more important than GCA in crosses among 
lines previously selected for high GCA. Some results in 
forages support their findings. Kehr (I96I) made a diallel of 
six alfalfa clones high in GCA for forage yield. Specific 
combining ability was more important than GCA in causing 
yield variation. Similarly, Torrie (1957)» working with 
perennial ryegrass, and Knowles (I950), working with smooth 
bromegrass, obtained results which agreed with those in com. 
My results do not fully agree with those previous findings. 
Frequency of significant combining ability mean squares in­
dicated that GCA was more important than SCA for most traits 
in all three diallels. This was expected for diallels 1 and 
2 but not for diallel 3. Torrie (1957) and Sprague and Tatum 
(1942) argued that the reason SCA becomes more important in 
diallels of parents selected for high GCA is that differences 
in additive effects have largely been eliminated. In other 
words, parents are more similar in performance and nonadditive 
effects become more important in causing variation. Evidently, 
selection of clones for diallel 3 did not reduce the importance 
of additive effects to the point where SCA became more im­
portant than GCA. There were sufficient dissimilarities among 
the selected clones that GCA was still responsible for most of 
the variation. Theurer and Elling (I963) suggested that the 
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magnitude of variation among the clones involved and the 
genetic system governing the character determine the relative 
importance of general and specific combining ability. 
Data recorded on canopy characteristics were considered 
to be supplemental to actual yield and combining ability esti­
mates. Yield, LAI, percentage light penetration, height, and 
ground cover were strongly associated with each other. Corre­
lations involving light penetration were negative. The data 
showed that, in general, higher yielding entries had a greater 
leaf area and a more dense stand, were taller, and intercepted 
more solar radiation than lower yielding entries. Specific 
leaf weight was negatively correlated with yield, LAI, height, 
and ground cover and positively correlated with percentage 
light penetration. Brown and Blaser (I968) also indicated 
that leaves become thinner at higher LAI. They also reported 
that an increase in LAI usually results in more light inter­
ception which increases growth rate under favorable environ­
ments. Leaf area was not only important in intercepting solar 
radiation but also made up 64^ of the forage dry matter at 
the third harvest in 1972. However, the data on csuiopy traits 
were inconsistent in describing canopy types. Therefore, 
it was concluded that LAI, SLW, SLA, percentage light penetra­
tion, and percentage leaves and stems need not be evaluated 
in a practical reed canarygrass breeding program. 
Since reed canarygrass is usually harvested several times 
during the year, regrowth must also be considered. Vickery 
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et al. (1971) observed that LA.I and amount of light inter­
ception do not fully explain regrowth in defoliated swards. 
They suggested that an interaction of reserve carbohydrate 
level and environmental conditions with LAI probably is in­
volved too. Ward and Blaser (I96I) reported that both reserve 
carbohydrates and leaf area remaining after defoliation 
affected the regrowth rate of orchardgrass tillers. Neither 
of those two factors were measured in this research but may 
have influenced dry matter production. 
The positive relationship of a ground cover and tiller 
density with yield indicated that those two traits were 
important. Significant differences in ground cover and tiller 
density were found which indicated that genetic differences 
existed among entries for those traits. There also was a trend 
for the progenies to resemble parent clones in those traits. 
Consequently, improvement in ground cover and tiller density 
in reed canary grass should be possible. Breeders also could 
do some initial discarding of clones on the basis of tiller 
density and ground cover. Horrocks and Washko (1971) found 
that tiller density in reed canary grass also was influenced 
by stubble height, temperature, and light intensity. 
Clipping management appears to be important in evaluation 
of experimental hybrids and synthetics. Frequent clipping 
in this study appeared to have two major effects on forage 
production and stand longevity. First, it probably was the 
main factor causing stand reduction and subsequent weed inva­
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sion of some entries. Wilkins and Hughes (1932) also reported 
that reed canary grass could not compete with bluegrass under 
frequent clipping. Thus, when reed canary grass is to be used 
primarily for pasture, experimental material should be clipped 
often so that more persistent plants can be selected. Second, 
it shifted most (75?^) of the forage production to aftermath. 
Similar results for reed canazygrass were reported by Horrocks 
and Washko (1971)# They suggested that increased aftermath 
production would provide high quality forage and increased 
dry matter production during the midsummer period when forage 
availability is usually at its lowest level. 
Breeders should consider measuring digestibility as they 
increase yield of hybrid or synthetic cultivars. However, 
much improvement in forage digestibility will be difficult 
in the material used in this study. Significant differences 
in percentage IVDDM were found in both years; however, the 
range among all entries was small. The digestibility values 
obtained in this study were higher and the range was narrower 
than those reported by Carlson et al. (I969) for fall saved 
reed canary grass. The delay in harvesting would have caused 
their values to be generally lower than those in this study. 
In addition, the wider range in digestibility values could 
have been caused by an accumulation of dead material (Walters 
et al., 1967), whereas my material was less mature and had few 
dead leaves. The only instance of significant combining 
ability variation in digestibility was in diallel 3 in 1971. 
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In that instance, there was no relationship between percent­
age lYDMfl and yield combining ability effects similar to that 
reported by Gil et al. (I967) who found a trend for alfalfa 
clones with positive combining ability effects for percentage 
IVDDM to have negative combining ability effects for yield. 
Reduced digestibility could nullify the advantage of increased 
forage yield. The correlations between years indicated a need 
to estimate digestibility for more than one year. 
In general, yield of the spaced plants did not accurately 
predict yield, heterosis, and inbreeding depression under 
sward conditions. Several factors, other than differences in 
plant spacing, could have contributed to differences between 
tests. The number of individual plants measured differed 
between the two tests. Each entry, with the exception of the 
parent clones, was represented by 12 different plants (2 reps, 
6 plants per plot) in the space-planted test and 120 differ­
ent plants (5 reps, 24 plants per plot) in the forage yield 
test. Each of those plants, except for the clones, had a 
different genotype and, therefore, 120 plants should more 
accurately represent an entry than 12. The two tests also 
were subjected to two different cutting regimes. Entry means 
were measured more precisely in the forage yield test because 
more replications and a lattice design were used. In addition, 
dry weights were recorded in the forage yield test but green 
weights were taken in the space-planted test. 
Despite the differences in conditions under which the 
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entries were tested, some interesting comparisons can be made. 
Relative forage yields were different in the two tests, with 
two exceptions. Clone 14-5 and the 8^ progeny of 28-2 were 
the highest yielding entries in their respective groups in 
both tests. There was a wider range in yield among crosses 
and S^'s in the space-planted test. This probably influenced 
the inaccurate prediction of inbreeding depression and hetero­
sis under sward conditions. Johnson (I965) preferred to mea­
sure extent of heterosis in alfalfa two-clone crosses in space-
planted tests but cautioned that yields obtained from spaced 
plants cannot be used directly to predict yield increases in 
seeded plots. At the 1971 first harvest, early heading entries 
generally were high yielding in the forage yield test but low 
yielding in the space-planted test. Baltensperger (1958) 
also obtained low nonsignificant correlations between hay vigor 
rating in a spaced planting and solid stand yields for reed 
canary grass. Thus, growth of spaced plants does not accurately 
predict forage yield in solid stands. Similar conclusions 
were reached by Ahlgren et al. (1945) and Ahlgren (1944) for 
Kentucky bluegrass clones. 
Combining ability of reed canarygrass clones in solid 
stands also was not accurately predicted from performance of 
spaced plants. In the forage yield test, GCA was significant 
for total yield in all three diallels, but it was significant 
only in diallel 3 in the space-planted test. In addition, the 
estimated GCA effects for total yield of 2-1, l4-5, and 50-1 
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were opposite in sign in the two tests. Differences in com­
bining ability between spaced plants and solid plantings also 
have been reported in other forage crops by Cope (1971), Evans 
et al. (1966), and Oldemeyer and Hanson (1955). 
If there is sufficient yield advantage of hybrid cultivars 
over synthetics, hybrid seed could be produced commercially 
in alternate row plantings of the two parent clones. Since 
reed canary gras s is relatively self-incompatible most of the 
seed would be of hybrid origin. However, selection for self-
incompatibility probably should be done since there is con­
siderable variation among clones in self-fertility. The two 
parent clones to be crossed could be asexually propagated in 
seed production fields by planting stem cuttings. HoVin and 
Marten (1973) reported successful establishment of reed 
canarygrass from shoots that developed from nodes of culm 
sections. The parent clones in my study also were propagated 
from stem cuttings. However, for commercial seed production 
transplanting probably would be done with the aid of machinery 
such as a tobacco transplanter. Burton (1956) reported that 
hybrid bahiagrass seed fields were successfully established by 
planting vegetative propagules. Sales of first-year seed paid 
for the increased cost of production. 
Generation advancement had little effect on the yield per­
formance of Vantage and RC-2. Yield of both the Syn. 1 and 
Syn. 2 generations of Vantage and RC-2 were quite accurately 
predicted by the average yield of all crosses in diallels 1 
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and 2, respectively, in the forage yield test. Means of both 
diallels 1 and 2 were only 1% less than the Syn. 1 generation 
of Vantage and RC-2, respectively. Vantage Syn. 2 yielded 
97.5# of Vantage Syn. 1 while RC-2 Syn. 2 yielded 103# of 
RC-2 Syn. 1. One entry of the Syn. 2 yielding significantly 
more than the other was responsible for the increase in yield 
with generation advancement of RC-2. Dunn and Wright (1970) 
made a diallel cross of 6 smooth bromegrass clones. They also 
made 3- and 4-clone synthetics from some of the same clones. 
The Syn. 2 yield of each synthetic was similar to the average 
of corresponding single crosses. In contrast, Theurer and 
Ellihg (1963) reported that the performance of the Syn, 2 
generation of alfalfa synthetics was not accurately predicted 
from the average of the single crosses of the clones involved 
in the synthetic. Therefore, breeders should always test 
experimental synthetics in at least the Syn. 2 generation. 
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SUMMARY AND CONCLUSIONS 
General and specific combining ability were estimated 
for 14 reed canarygrass clones in three complete diallel 
crosses. Thirteen of the clones originated from seed gathered 
in Iowa and Minnesota. The other was derived from an intro­
duction from Turkey. Clones in diallels 1 and 2 were chosen 
mainly for their seed retention superiority. Those in 
diallel 3 were chosen for their high general combihing ability 
for forage production. Each diallel had six parent clones; 
however, two of them had three parents in common which re­
sulted in a total of 42 crosses. The 14 clones, their S^ 
progenies, 42 two-clone crosses, and 7 checks were evaluated 
both in solid-planted (forage yield test) and space-planted 
tests. The objectives of the research were to determine the 
merits of two-clone crosses relative to standard cultivars, to 
estimate general and specific combining ability of the clones, 
to determine the amount of heterosis, to determine inbreeding 
depression and its relation to heterosis, and to study rela­
tionships between performance of spaced plants and solid stands. 
Traits evaluated in the forage yield test were forage yield, 
height, ground cover, tiller density, spring vigor, percentage 
of in vitro digestible dry matter, and canopy characteristics. 
Heading date, forage yield, and disease reaction were evaluated 
in the space-planted test. 
The data suggested that two-clone crosses can be used to 
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increase forage yield in reed canary grass and that some will 
produce more dry matter than synthetic cultivars. Diallels 
1, 2, and 3 produced 93.6, 95*71 and 102.05S, respectively, as 
much dry matter as Common, the highest yielding check entry, 
in the forage yield test. The highest yielding cross, 14-5 % 
64-2, produced 12.3?^ more forage than Common. The data showed 
the importance of GCA because 9 of 14 crosses that exceeded 
Common in yield were in diallel 3. Parents of those nine 
.crosses had been chosen because of their high GCA. Genetic 
diversity also was shown to be important for high yield in two-
clone crosses because the average yield of crosses involving 
64-2 was higher than those of any other clone. Preliminary 
testing for GCA was beneficial in selection of parents for 
high yielding two-clone hybrids. The highest yielding crosses 
should be evaluated further for forage yield in seeded stands. 
Consideration should be given to making a synthetic cultivar 
from 6-3# 14—5» 16-7# 28-2, and 64-2. 
General combining ability mean squares generally were 
significant in analyses of data from the forage yield test. 
Mean squares for SCA usually were not significant, indicating 
little SCA among the 14 clones. In diallel 1, GCA was sig­
nificant, for most traits. No significant SCA was found in 
the forage yield test but SCA was significant for first-
harvest and annual yield in 1971 in the space-planted test. 
For total yield in the forage yield test, clone 6-3 had the 
largest GCA effect (50.392) and 48-5 had the largest negative 
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effect (-37.008), 
More instances of significant GCA and SCA mean squares 
were found for diallel 2 than for diallels 1 or 3 in the forage 
yield test. General combining ability mean squares were sig­
nificant for yield, spring vigor, ground cover, height, and 
leaf area index. Specific combining ability mean squares 
were significant for third-cutting, aftermath, and total 
yield in 1971; and for second-cutting yield and ground cover 
in 1972. Clone 28-2 had the highest GCA effect for total 
yield (71.725) while 12-6 had the lowest (-5^.725). Signifi­
cant mean squares for GCA were obtained for 1971 heading date 
and both disease ratings in the space-planted test. 
Diallel 3 GCA mean squares were significant for most 
traits in the forage yield test. However, the 1971-72 first-
cutting yield and 1972 aftermath were the only traits for 
which SCA was significant. Clones 64-2 had the highest and 
3I-2 had the lowest GCA effects for most traits. 
Clonal yields were closely related to the yield of their 
two-clone crosses in the forage yield test. Therefore, clonal 
performance can be used as a preliminary screen in selection 
of superior parents of hybrid or synthetic cultivars. 
Average heterosis percentages in diallels 1, 2, and 3 
were 1.7» 6.9, and 7»5%t respectively. Among individual 
crosses, 2-1 x 64-2 had the highest heterosis (17.30^. 
Crosses involving clones 12-6 and 64-2 exhibited the greatest 
average heterosis. The data showed that heterosis occurs 
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frequently in reed canary gras s two-clone liybrids. However, 
in many instances the amount of heterosis was a poor indicator 
of actual yield of crosses. 
Percentage yield depression in 8^ progenies ranged from 
43.9 to 10.8# in the forage yield test and it was not associ­
ated with clonal yield or the average yield of clones in 
crosses. These results indicated that inbreeding depression 
would not be useful in predicting yield of two-clone crosses. 
Percentage IVDDM values ranged from 65*0 to 69.1# in 1971 
and from 66.1 to 70.3# in 1972. Significant differences among 
entries were found in both years. However, the only signifi­
cant combining ability mean square was in diallel 3 in 1971. 
There appeared to be little chance for much improvement in 
the dry-matter digestibility of this material because of the 
smsûLl ranges among entries. However, breeders should evaluate 
new material for digestibility because the 1972 IVDDM per­
centages were negatively correlated with yield (r=-0.29). 
Ground cover and height were positively and significantly 
correlated with yield. Thus, these traits can be used to help 
the breeder choose superior plants and cultivars. High yield 
at the third cutting in 1972 also was associated positively 
with LAI but negatively with SLW. Extinction coefficients 
calculated from canopy measurements seemed to have limited 
usefulness in a practical reed canarygrass breeding program. 
Frequent clipping reduced the stand of several entries in 
this experiment. Experimental entries, therefore, should be 
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harvested frequently if they are to be used for continuous 
or frequent grazing. 
In general, results from the space-planted test did not 
agree with those from the forage yield test. The association 
of heading date with forage yield was different in the two 
tests. In the forage yield test higher yielding entries tended 
to head earlier. Yield, combining ability, inbreeding de­
pression, and heterosis values also were different in the two 
tests. Therefore, breeders should evaluate material at a 
spacing as similar to sward conditions as possible. 
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APPENDIX 
Table 4?, Adjusted mean dry matter yield of each entry at each cutting and over 
cuttings 1971 and 1972 
Grams of dry matter per plot 
1221 1972 
May June July Sep May June July Aug Sep 
Entiy 28 22 26 20 Total 16 9 14 16 26 Total 
Clones 
2-1 110 110 94 37 350 
6-3 143 122 111 37 413 
12-6 52 111 75 24 259^ 
14-5 162 138 129 22^ 506% 
15-1 103 110 111 3Ô 375 
16-7 159 102 131 39 432 
19-6 94 128 119 55 397 
28-2 99 145 142 68 453 
31-2 107 103 92 42 345 
37-1 102 125 130 50 405 
47-2 133 106 142 42 424 
48-5 144 98 87 37 367 
50-1 147 113 144 51 457 
64-2 1^ 81 146 44 436 
Mean 123 114 118 47 401 
a 
b" 
84 98 98 62 73 417 
105 115 100 73 80 472 
77 84 72 66 50 348 
102 103 119 26 95 516 
89 108 100 7Î 63 429 
114 80 114 74 83 464 
"75 108 107 77 78 445 
91 126 115 91 81 505 
92 "W 91 65 71 408 
107 111 112 81 79 487 
94 68 107 78 60 407 
101 75 84 69 69 399 
100 85 122 82 89 485 
102 65 123 66 64 420 
95 94 105 75 74 443 
test. 
that respective group. 
Table 4?. (Continued) 
Grams of dry matter per plot 
1971 1222 
Entry 
May June July Sep ' May June July Aug Sep 
28 22 26 20 Total 16 9 14 15 26 Total 
S^'s 
2-1 76 102 69 15 264 45 66 67 44 30 252 
6-3 93 104 102 22 322 83 96 83 67 63 390 
12-6 39 96 71 21 226 60 88 67 58 43 316 
14-5 99 127 99 35 362 80 108 92 63 46 391 
15-1 67 85 64 23 240 33 82 57 4o 21 234 
16-7 12Z 94 103 24 359 82 81 92 63 53 371 
19-6 79 110 89 29 307 59 97 85 70 47 358 
28-2 77 122 1^0 40 22â 21 112 94 82 80 m 
31-2 76 95 68 26 266 55 75 74 64 45 314 
37-1 96 117 96 36 347 78 95 93 74 61 401 
47-2 78 117 103 25 321 62 64 76 52 26 278 
48—5 104 88 76 25 290 82 68 67 64 43 321 
50-1 97 107 103 31 339 78 76 22 64 58 376 
64-2 79 71 82 14 247 45 53 75 42 18 233 
Mean 86 103 90 26 305 66 83 80 61 45 335 
Crosses 
2-1 X 14-5 139 132 126 53 449 69 111 101 78 80 458 
2-1 X 16-7 165 117 123 39 444 104 90 114 80 69 458 
2-1 X 31-2 120 114 103 45 384 84 97 93 73 81 430 
2-1 X 50-1 133 121 131 46 432 96 93 116 83 89 475 
2-1 X 64-2 172 101 144 58 476 104 85 125 75 89 478 
6-3 X 12-6 85 144 117 38 383 81 114 91 90 89 466 
6-3 X 15-1 124 128 119 44 418 94 112 105 79 83 475 
Table 4?. (Continued) 
Grams of dry matter per plot 
1211 12Z2. 
Entry 
May June July Sep May June July Aug Sep 
28 22 26 20 Total 16 9 14 15 26 Total 
161 118 126 37 441 106 104 114 79 79 485 
108 134 127 42 411 85 108 112 84 87 478 
101 137 142 44 424 99 124 109 94 92 81 103 137 131 45 418 101 116 108 80 88 
147 117 134 36 432 113 91 93 80 77 452 
154 116 116 40 425 115 93 101 74 76 459 
80 136 94 48 356 76 102 98 78 75 428 
87 144 125 50 405 91 123 107 88 504 
90 142 126 49 406 85 97 100 77 76 433 
101 129 100 44 375 
482 
96 85 92 76 68 418 
162 132 139 50 106 104 114 89 79 492 
130 133 
142 
115 62 439 98 116 107 80 91 491 
145 136 55 480 106 105 116 90 88 504 
174 116 159 62 il2 127 92 133 86 83 521 
138 117 120 38 im 92 90 110 72 66 431 
99 126 120 48 393 81 112 99 77 76 446 
120 114 123 39 396 90 92 96 82 62 426 
142 109 91 38 382 100 91 94 74 70 427 
144 108 115 46 412 98 90 103 76 83 452 
129 121 131 48 429 102 110 110 83 80 484 
157 110 130 37 433 98 86 102 81 63 431 
170 114 106 47 437 106 82 104 76 76 441 
169 115 146 46 473 110 92 117 85 87 487 
122 104 143 45 488 122 90 132 86 89 m 
102 146 141 62 448 -51 94 124 91 92 ws 
116 145 126 46 433 95 107 114 85 90 493 
121 108 102 46 
ill 
98 97 102 71 73 442 
98 
m 
146 62 98 125 123 86 97 527 
6-3 X 16-7 
6-3 X 19-6 
6-3 X 28-2 
6-3 X 37-1 
6-3 X 47-2 
6-3 X 48-5 
12-6 X 19-6 
12—6 X 28—2 
12-6 X 37-1 
12-6 X 48-5 
14-5 X 16-7 
14-5 X 31-2 
14-5 X 50-1 
14-5 X 64-2 
15-1 X 16-7 
15-1 X 37-1 
15-1 X 47-2 
15-1 X 48-5 
16-7 X 31-2 
16-7 X 37-1 
16-7 X 47-2 
16-7 X 48-5 
16-7 X 50-1 
16-7 X 64-2 
19-6 X 28-2 
19-6 X 37-1 
19-6 X 48-5 
28-2 X 37-1 
Table 4?. (Continued) 
Grams of dry matter per plot 
1221 1222 
May June July Sep May June July Aug Sep 
Entry 28 22 26 20 Total 16 9 14 15 26 Total 
28-2 X 48-5 136 124 120 52 433 110 105 98 89 85 486 
31-2 X 50-1 124 123 112 53 410 90 93 107 78 
U 
460 
31-2 X 64-2 159 104 128 52 44l 114 90 118 78 498 
37-1 X 47-2 118 115 128 4o 401 93 99 96 79 73 443 
37-1 X 48-5 121 114 100 43 376 95 106 92 67 71 430 
47-2 X 48-5 122 104 110 35 371 103 77 88 73 68 405 
50-1 X 64-2 l6l 111 164 56 491 122 83 m 83 89 510 
Mean 131 123 125 47 426 99 99 103 81 81 468 
Checks 
Vantage Syn. 1 144 113 123 39 419 100 92 107 76 80 455 
Vantage Syn. 1 132 118 122 40 413 98 95 100 76 74 446 
Vantage Syn, 2 112 123 123 42 399 100 80 95 81 72 428 
Vantage Syn. 2 146 117 115 44 422 99 102 93 83 67 442 
RC-2 Syn. 1 119 135 124 45 423 104 110 106 80 78 479 
RC-2 Syn. 1 104 138 125 50 418 "93 109 97 77 87 464 
RC-2 Syn. 2 106 134 129 44 412 96 110 100 79 80 463 
RC-2 Syn. 2 122 1# 128 il 41S 96 m iii 22 28 il2 
loreed 136 103 120 41 402 99 92 90 84 7^ 438 
Rise 123 115 110 45 392 93 104 97 82 81 459 
Common 134 131 131 46 439 103 99 112 86 81 480 
Mean 125 125 124 44 418 98 101 101 81 79 461 
Overall mean 121 118 117 43 400 93 96 101 76 74 440 
LSD (.05) 26 15 15 10 39 14 17 13 13 13 40 
Table 48. Lattice analyses of variance for each cut and total yield in I07I in the 
forage yield test 
Mean squares aUUJL UK UJL 
variation df Cut 1 Cut 2 Cut 3 Cut 4 Total 
Replications 4 95,647.30 2,070.75 3,999.48 217.42 145,068.37 
Entries 
(adjusted) 80 4,868.76** 1,324.41** 2,307.91** 645.35** 18,490.82** 
Blocks 4o 3.383.08 282.65 321.75 168.84 5,458.12 
Error 
Intrablock 280 396.64 133.50 142.99 58.07 882.33 
Effective 280 44o.4o 142.31 152.92 62.83 974.79 
CV {%) 17.32 10.09 10.54 18.50 7.82 
^^Significant at .01 level. 
Table 49. Lattice analyses 
forage yield test 
of variance for each cut and total yield in 1972 in the 
Source of 
variation 
Mean sauares 
df Cut 1 Cut 2 Cut 3 Cut 4 Cut 5 Total 
Replications 4 7,970.93 4,366.73 3,788.03 12,293.59 7,542.21 137,433.81 
Entries 
(adjusted) 80 1,500.05** 1,167.60** 1,230.38** 606.87** 1,506.92** 20,625.26** 
Blocks 40 511.95 317.69 351.73 297.22 481.87 5.551.91 
Error 
Intrablock 280 108.20 177.37 103.04 92.34 102.74 925.87 
Effective 280 118.87 187.16 112.15 100.29 112.84 1,022.29 
CV ( fo)  11.77 14.30 10.45 13.12 14.45 7.27 
**Significant at .01 level. 
Table 50* Functional analysis of variance for total yield in 1971 and 1972 in the 
forage yield test 
Source of 
variation 
Total yield 
df 1971 1972 
80 18,487.70** 20,621.80** 
3 264,513.35** 317.169.05** 
1 327.039.45** 405,060.20** 
1 31,519.25** 32,264.80** 
1 770,771.45** 919,882.15** 
13 18,247.88** 11,136.78** 
13 12,267.53** 23,629.13** 
41 6,652.47** 5,329.46** 
10 1,602.46* 2,777.20** 
1 868.95 59.40 
1 1,795.60 13,616.10** 
3 535.13 614.87 
1 132.60 48.67 
1 115.60 172.20 
1 1,357.20 455.60 
3 1,827.53 2,655.47 
1 851.50 1,280.00 
1 72.90 511.20 
1 4,558.20* 6,175.20* 
1 2,793.70 0.55 
1 3,478.20 4,284.90* 
280 974.79 1,022.29 
Entries 
Among groups 
Clones vs. S^'s 
Clones vs. crosses 
Crosses vs. S,'s 
Among clones 
Among Si's 
Among crosses 
Among checks 
Vantage + RC-2 vs. I+R+C' 
Vantage vs. RC-2 
Among Vantage entries 
Syn. 1 vs. Syn. 2 
Among entries of Syn. 
Among entries of Syn. 
Among RC-2 entries 
Syn. 1 vs. Syn. 2 
Among entries of Syn. 
Among entries of Syn. 
loreed + Common vs. Rise 
Common vs. loreed 
Effective error 
1 
2 
1 
2 
loreed, Rise, Common, respectively. 
** and ^Significant at .01 and .05 level, respectively. 
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Table $1» Mean panicle number ratings at second harvest and 
visual estimates of percentage reed canarygrass in 
the forage yield test 
Panicle Percentage 
number rating reed canarygrass in 1972 
Entry 1971 1972 Cut 3 Cut 4 Cut 5 
Clones 
2-1 1.0 4.1 98.2 96.6 92.8 
6-3 1.6 *'9 99.3 98.9 93.2 
12-6 5.0 6.0 96.7 94.2 78.6 
14-5 1.2 5.4 99.2 98.7 97.3 
15-1 2.4 5.9 97.9 95.8 87.1 
16-7 1.0 1.5 98.5 97.8 93.3 
19-6 3.6 5.2 99.2 98.9 93.8 
28-2 3.8 6.0 99.4 99.4 96.0 
31-2 2.4 5.4 98.3 92.9 85.4 
37-1 4.6 5.8 98.2 97.4 91.2 
47-2 1.0 2.9 94.6 89.5 76.5 
48-5 1.0 5.0 98.2 97.5 85.2 
50-1 1.0 2.3 99.6 100.0 99.6 
64-2 1.0 1.1 97.9 98.1 89.6 
Mean 
O # o 
2.2 4.5 98.2 96.8 90.0 
1 
2-1 1.0 1.8 86.3 73.2 65.4 
6-3, 2.4 3.8 86.7 97.5 91.5 
12-6 3.0 4.7 88.9 78.4 68.1 
14-5 1.4 6.0 93.4 91.0 66.9 
15-1 1.8 3.5 72.6 61.4 41.9 
16-7 2.0 3.4 99.0 93.0 78.9 
19-6 3.8 5.3 95.6 90.4 73.5 
28-2 2.8 5.2 98.0 97.8 94.5 
31-2 1.8 4.2 96.8 89.2 75.7 
37-1 4.4 5.9 98.3 95.4 85.5 
47-2 1.0 3.6 90.1 76.9 52.4 
48-5 1.2 3.9 93.2 91.0 77.4 
50-1 2.0 2.3 98.3 96.0 86.2 
64-2 1.2 1.0 93.0 69.8 36.4 
Mean 2.1 3.9 92.9 85.8 71.0 
^Rated 1-6; 0, 1-5i 6-10, 11-1$, 16-20, and over 20 
panicles per plot, respectively. 
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Table 51. (Continued) 
Panicle Percentage 
number rating reed canaryf;ras2 in 1972 
Entry 1971 1972 Cut 3 Cut 4 Cut 5 
Grosses 
2-1 X 14-5 1.2 5.1 98.9 98.7 93.1 
2-1 X 16-7 1.2 3.0 99.3 98.3 94.8 
2-1 X 31-2 1.4 5.1 99.4 98.7 97.4 
2-1 X 50-1 1.0 2.2 99.0 98.3 98.4 
2—1 X 64—2 1.0 1.0 99.9 99.3 97.5 
6-3 X 12-6 4.6 5.4 100.0 100.0 98.4 
6-3 X 15-1 1.8 5.1 99.9 99.0 96.3 
6-3 X 16-7 1.2 3.9 100.0 100.0 98.9 
6-3 X 19-6 2.6 4.9 99.6 99.1 96.8 
6-3 X 28-2 3.8 5.6 99.4 100.0 99.3 
6-3 X 37-1 3.2 5.5 99.5 100.0 97.4 
6-3 X 47-2 1.4 5.2 98.6 98.5 94.4 
6-3 X 48-5 1.2 5.0 98.9 98.3 95.2 
12-6 X 19-6 4.0 6.0 99.2 99.2 93.7 
12-6 X 28-2 4.0 5.9 100.0 99.9 98.7 
12-6 X 37-1 5.0 5.4 100.0 99.8 96.0 
12-6 X 48-5 3.4 6.1 97.9 97.4 92.6 
14-5 X 16-7 1.2 3.8 99.2 100.0 95.6 
14-5 X 31-2 1.8 5.8 98.1 98.0 93.4 
14-5 X 50-1 1.0 3.7 99.4 99.2 97.2 
14-5 X 64-2 1.0 1.3 99.4 99.6 95.5 
15-1 X 16-7 1.0 4.4 99.3 98.3 93.1 
15-1 X 37-1 3.4 5.5 99.3 99.9 96.1 
15-1 X 47-2 1.2 5.6 98.0 98.2 87.5 
15-1 X 48-5 1.0 5.6 98.0 97.8 94.3 
16-7 X 31-2 1.2 5.2 99.1 98.4 94.6 
16-7 X 37-1 1.6 6.0 99.9 99.5 97.2 
16-7 X 47-2 1.0 3.6 97.2 97.2 85.8 
16-7 X 48-5 1.0 3.6 99.5 98.6 94.9 
16-7 X 50-1 1.0 1.7 99.6 98.5 95.6 
16-7 X 64-2 1.0 1.1 99.5 99.0 97.8 
19-6 X 28-2 4.0 5.8 100.0 100.0 97.8 
19-6 X 37-1 3.6 5.6 100.0 100.0 97.6 
19-6 X 48-5 1.2 5.2 98.5 98.5 93.5 
28-2 X 37-1 4.8 5.9 99.6 99.2 97.6 
28-2 X 48-5 1.4 5.5 99.1 99.1 95.4 
31-2 X 50-1 1.0 4.4 99.7 99.0 98.3 
31-2 X 6^1-2 1.0 2.0 100.0 99.5 99.1 
37-1 X 47-2 1.6 5.8 97.6 97.5 91.1 
37-1 X 48-5 2.2 6.0 98.9 97.3 92.6 
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Table 51» (Continued) 
Panicle Percentage 
Entry 
number rating 
1971 1972 
reed canarYf:rass in 1972 
Cut 3 Gut 4 Cut 5 
47-2 X 48-5 1.2 4.5 96.6 94.6 84.3 
50-1 X 64-2 1.0 1.1 100.0 99.2 98.0 
Mean 2.0 4.5 99.2 98.8 95.3 
Checks 
Vantage Syn. 1 2.0 5.2 98.3 99.3 95.4 
Vantage .Syn. 1 2.0 5.1 98.9 98.0 91.4 
Vantage Syn. 2 2.6 5.5 98.7 98.5 96.2 
Vantage Syn. 2 1.4 5.4 97.3 97.6 87.3 
RC-2 Syn. 1 2.8 5.6 99.2 99.0 95.1 
RC-2 Syn. 1 . 3.6 5.2 98.5 98.4 96.2 
RC-2 Syn. 2 1.8 4.9 98.7 98.2 96.4 
RC-2 Syn. 2 4.0 5.8 99.7 100.0 99.2 
loreed 1.2 3.1 98.3 97.5 94.3 
Rise 1.8 3.1 99.3 98.8 96.5 
Common 1.2 3.6 99.8 99.5 94.1 
Mean 2.2 4.8 98.8 98.6 94.7 
Overall mean 2.1 4.4 97.9 96.2 90.1 
LSD (.05) 1.3 1.1 5.3 8.6 11.1 
Table 52. Lattice analyses of variance for panicle number ratings and percentages 
of reed canarygrass in the forage yield test 
Source of 
variation 
Panicle 
number rating reed 
Percentage 
canarygrass in 1972% 
df 1971 1972 Cut 3 Cut 4 Cut 5 
Replications 5.79 7.07 53.02 76.19 293.93 
Entries 
(adjusted) 80 7.45** 11.67** 71.16** 238.91** 725.79** 
Blocks 40 1.19 1.26 34.88 94.27 218.70 
Error 
Intrablock 280 1.13 0.73 16.96 44.90 73.59 
Effective 280 1.14 0.76 18.05 47.84 79.70 
CV i f o )  51.38 19.74 4.34 7.19 9.91 
^Rated 1-6; 0, 1-5» 6-10, 11-15, 16-20, and over 20 panicles per plot, 
respectively, at time of second harvest each year» 
^Visual estimate. 
••Significant at the .01 level. 
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Table 53* Diallel means of various forage traits in the 
forage yield test 
Trait Diallel 1 Diallel 2 Diallel 
Total yield^ 859.0 879.0 937.0 
1971-72 first-cutting yield 233,0 200.0 266.0 
Total aftermath 628.0 679.0 679.0 
Cut 1, 1971 134.0 107.0 153.0 
Cut 2, 1971 117.0 134.0 118.0 
Cut 3» 1971 119.0 121.0 132.0 
Cut 4, 1971 41.0 47.0 51.0 
Aftermath, I97I 278.0 302,0 301.0 
Annual yield, 1971 411.0 408,0 454.0 
Cut 1, 1972 99.0 94.0 105.0 
Cut 2, 1972 97.0 106.0 95.0 
Cut 3. 1972 102.0 105.0 116.0 
Cut 4, 1972 78.0 83.0 82.0 
Cut 5. 1972 79.0 86.0 89.0 
Aftermath, 1972 349.0 377.0 371.0 
Annual yield, 1972 448,0 471.0 483.0 
Spring vigor, 5/72 3.7 3.7 3.0 
Ground cover, 6/7I 2.8 3.0 2.6 
Ground cover, 9/71 3.6 4.1 3.4 
Ground cover, 5/72 
Tiller densi;^, V73 
3.3 3.7 3.6 
4.8 4.6 4.8 
Height, 5/71^ 27.9 23.6 31.2 
Height, 7/71 33.3 33.0 34.3 
Height, 5/72 30.0 27.2 32.0 
Height, 7/72 30.7 30.5 32.5 
Specific leaf weight 3.3 3.2 3.0 
Leaf area index 3.1 3.3 4.0 
^ IVDDM, 1971 67.3 68.1 67.0 
'fo IVDDK, 1972 68.0 68.9 67.5 
^Grains per plot. 
^Centimeters. 
®mg/cm^. 
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Table 54. Diallel means of traits in the space-planted test 
Trait Diallel 1 Diallel 2 Diallel 3 
Heading date, 
Heading date, 
Gut 1, 1971 
Cut 2, 1971 
Annual yield. 
Cut 1, 1972 
1971-72 first-cutting yield 
Total yield 
Disease rating, June 
Disease rating, September 
1971 
1972 
1971 
30.50 32.00 29.80 
32.30 33.90 32.30 
13.14 14.67 13.17 
6.27 6.42 6.20 
19.41 21.09 19.37 
9.33 10.61 9.57 
22.47 25.28 22.74 
28.74 31.70 28.94 
3.72 3.34 3.72 
4.46 4.28 4.62 
